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PREFACE  TO  THE  SEVENTH   EDITION. 


In  this  edition  the  editor  has  carefully  revised  the  entire 
work,  substituted  more  recent  cuts  for  older  ones,  and  added 
some  additional  matter  which  it  is  impossible  to  indicate  in  the 
text.  The  object  has  been  throughout  to  present  the  work 
thoroughly  adapted  for  the  use  of  the  students  in  the  dissectmg 
room  and  for  reference  by  the  practitioner.  It  has  been  thought 
well,  for  the  convenience  of  the  former,  to  divide  the  book  into 
two  volumes.  The  total  number  of  cuts  has  not  been  materially 
increased,  but  several  new  ones  have  been  added  from  prepara- 
ations  made  by  the  editor. 

The  editor  wishes  to  acknowledge  the  work  of  Dr.  Howard 
Dehoney  in  the  preparation  of  a  portion  of  the  manuscript, 
Dr.  H.  L.  Bassett  in  the  preparation  of  the  index,  and  Mr.  C.  B. 
Sitgreaves  in  the  preparation  of  dissections  from  which  some  of 
the  new  plates  were  made.  A.  H. 

ijo8  Pine  Street,  Philadelphia. 
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PREFACE  TO  THE  SIXTH   EDITION. 


The  chief  feature  of  Holden's  Anatomy  that  must  have 
become  apparent  to  all  who  have  hitherto  used  it,  is  not  only 
that  the  text  has  been  made  so  concise,  but  that  the  subject  is 
presented  in  as  clear  and  practical  a  light  as  is  compatible  with 
the  faithful  handling  of  its  natural  difficulties.  It  gives  to  the 
beginner  a  proper  method  of  procedure,  together  with  such  de- 
tails as  are  essential  to  the  thorough  understanding  of  the  matter 
in  hand.  In  making  this  revision  the  Editor  has  worked  in 
accord  with  the  editors  of  the  previous  editions,  and  has  made 
such  additions  and  alterations  as  seemed  necessary  to  bring  the 
book  in  line  with  present  knowledge  and  methods,  and  has 
added  the  Metric  Measurements  side  by  side  with  the  English. 
The  entire  work  has  been  gone  over  line  for  line  ;  specially 
emphasized  points  have  been  added  in  foot-notes  to  which  the 
editor  has  signed  his  initials  (A.  H.).  There  are,  however,  many 
additions  and  alterations  in  the  text  that  were  impossible  to  thus 
specify. 

It  has  seemed  well,  in  order  to  reduce  the  size  of  the  book 
and  still  retain  its  salient  features,  to  put  the  more  minute  and 
intricate  points  in  a  smaller  type.  This  will  be  found  an  aid  to 
the  student  and  has  allowed  of  the  addition  of  a  large  number 
of  new  illustrations. 

The  total  number  of  illustrations  has  been  increased  from 
208  to  311.  This,  however,  does  not  show  the  exact  number 
of  new  pictures,  as  many  of  those  that  appeared  in  the  old 
editions  have  been  struck  out  and  replaced  by  more  modern 
ones,  taken  chiefly  from  the  works  of  Sappey,  Wilson,  and 
Landois.  A.  H. 

1^08  Pine  Street,  Philadelphia. 


PREFACE  TO  THE  FIRST  EDITION. 


If  any  apology  be  needed  for  the  appearance  of  the  present 
Manual,  it  may  be  stated,  without  any  wish  to  disparage  the 
labors  of  others,  that  the  works  of  this  kind  hitherto  published 
seem  to  the  Author  open  to  one  or  the  other  of  two  objections ; 
—  either  as  being  too  systematic,  and  therefore  not  adapted  for 
the  dissecting-room,  or  as  obscuring  the  more  important  fea- 
tures of  Anatomy  by  a  multiplicity  of  minute  and  variable 
details. 

In  endeavoring  to  supply  a  presumed  deficiency,  the  Author 
has  made  it  his  special  aim  to  direct  the  attention  of  the  student 
to  the  prominent  facts  of  Anatomy,  and  to  teach  him  the  ground- 
work of  the  science ;  to  trace  the  connection,  and  to  point  out 
the  relative  situation  of  parts,  without  perplexing  him  with 
minute  descriptions. 

A  concise  and  accurate  account  is  given  of  all  the  parts  of 
the  human  body  —  the  bones  excepted,  of  which  a  competent 
knowledge  is  presupposed  —  and  directions  are  laid  down  for  the 
best  method  of  dissecting  it. 

The  several  regions  of  the  body  are  treated  of  in  the  order 
considered  most  suitable  for  their  examination  ;  and  the  muscles 
vessels,  nerves,  etc.,  are  described  as  they  are  successively  ex- 
posed to  view  in  the  process  of  dissection. 

The  Author  has  written  the  work  entirely  from  actual  ob- 
servations :  at  the  same  time  no  available  sources  of  information 
have  been  neglected,  the  highest  authorities,  both  English  and 
Foreign,  have  been  carefully  consulted.  His  acknowledgments 
are  especially  due  to  F.  C.  Skey,  Esq.,  F.R.S.,  Lecturer  on 
Anatomy  at  St.  Bartholomew's  Hospital,  for  many  valuable  sug- 
gestions. He  is  also  much  indebted  to  his  young  friend,  Mr.  W. 
Clubbe,  for  able  assistance  in  dissections. 

September^  iS^i. 
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DISSECTION  OF    THE   ABDOMEN. 

Surface  Marking.  —  The  body  should  be  sufificiently  raised 
by  placing  blocks  beneath  the  buttocks  and  the  shoulders,  care 
being  taken  to  have  the  chest  higher  than  the  pelvis. 

In  the  middle  line,  extending  from  the  ensiform  cartilage  to 
the  symphysis  pubis,  is  a  groove  caused  by  the  linea  alba,  most 
marked  above  the  umbilicus,  the  line  of  union  of  the  aponeuroses 
of  the  abdominal  muscles.  In  this  middle  line,  nearer  the  os 
pubis  than  the  ensiform  cartilage,  is  the  umbilicus,  which  corre- 
sponds as  a  rule  with  the  body  of  the  third  lumbar  vertebra. 
The  recti  muscles  can  be  distinguished  on  each  side  of  the  mid- 
dle line,  and  in  well-developed  subjects,  with  little  fat,  the  lineae 
transversae  may  be  recognized,  the  lowest  one  being  at  the 
umbilicus,  the  highest  on  a  level  with  the  ensiform  cartilage, 
and  the  third  one  midway  between  the  two ;  in  muscular  sub- 
jects a  fourth  will  be  found  below  the  umbilicus.  On  the  outer 
border  of  the  rectus,  about  three  inches  {y.^  cm.)  from  the  mid- 
dle line,  is  a  concave  line,  the  linea  semilunaris,  extending  from 
the  ninth  or  tenth  costal  cartilage  to  the  spine  of  the  pubis, 
corresponding  to  the  separation  of  the  aponeurosis  of  the  ab- 
dominal muscles  to  form  the  sheath  of  the  rectus.  Above,  and 
external  to  the  spine  of  the  os  pubis,  the  external  abdominal 
ring  can  be  easily  felt,  the  outer  pillar  being  the  stronger  ;  on 
it  rests  the  spermatic  cord  passing  to  the  testis.  Passing  from 
the  spine  of  the  os  pubis  to  the  anterior  superior  spine  of  the 
ilium  is  a  crescentic  groove  which  indicates  the  line  of  Poupart's 
ligament,  and  which  can  be  felt  as  a  firm  and  slightly  curved 
cord  ;  at  about  half  an  inch  (/j  mm.)  above  the  middle  of  the 
ligament  is  situated  the  internal  abdominal  ring,  which  cannot, 
however,  be  felt. 

Arbitrary  Division  into  Regions. — The  abdomen  is  di- 
vided into  arbitrary  regions,  that  the  situation  of  the  viscera 
contained  in  it  may  be  more  easily  described.  For  this  purpose 
we  draw  the  following  lines  :  One  horizontally  across  the  abdo- 
men on  a  level  with  the  cartilages  of  the  ninth  ribs  ;  another 
on  a  level  with  the  anterior  superior  spines  of  the  ilia.  These 
lines  form  the  boundaries  of  three  spaces,  each  of  which  is 
subdivided  into  three  regions  by  a  vertical  line  drawn  on  each 
side   from    the  cartilage   of    the  eighth   rib    to   the    middle   of 
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Poupart's  ligament.*  Thus,  there  are  a  central  and  two  lateral 
regions  in  each  space.  The  central  region  of  the  upper  space 
is  termed  the  epigastric  ;  the  central  one  of  the  middle  space  is 
called  the  timbilical  region  ;  and  the  central  of  the  inferior  space, 
the  Jiypogastric  region.  The  lateral  regions  of  the  spaces  from 
above  downwards  are  termed  the  right  and  left  hypochond^Hac, 

the  right  and  left  lumbar,  and  the 
right  and  left  inguinal  or  iliac  re- 
gions, respectively. 

The  viscera  contained  in  these 
respective  regions  are  as  follows : — 
In  the  epigastric  region  are,  the 
left  lobe  of  the  liver,  the  round 
ligament  of  the  liver,  a  small  part 
of  the  right  lobe,  the  middle  and 
pyloric  end  of  the  stomach,  the 
lobulus  Spigelii,  the  pancreas,  and 
the  upper  border  of  the  transverse 
colon. 

In  the  timbilical  region  are,  the 
transverse  colon,  the  great  omen- 
tum and  mesentery,  the  round  liga- 
ment of  the  liver,  the  transverse 
portion  of  the  duodenum,  and  part 
of  the  jejunum  and  ileum. 
In  the  Jiypogastric  region  are,  the  small  intestines,  the  urachus, 
the  two  obliterated  hypogastric  arteries,  the  bladder  naturally  in 
early  life,  and  in  the  adult  if  distended  ;  and,  lastly,  the  uterus 
in  pregnancy. 

In  the  rigJit  JiypocJiondrium  are,  the  right  lobe  of  the  liver, 
the  base  of  the  gall-bladder,  the  descending  duodenum,  the 
hepatic  flexure  of  the  colon,  pancreas,  supra-renal  capsule,  and 
the  upper  part  of  the  right  kidney. 

In  the  left  hypochondriiim  are,  the  cardiac  end  of  the  stomach, 
the  greater  part  of  the  spleen,  the  tail  of  the  pancreas,  the 
splenic  flexure  of  the  colon,  the  supra-renal  capsule,  and  the 
upper  part  of  the  left  kidney. 

In  the  right  lumbar  region  are,  the  ascending  colon,  the  lower 
part  of  the  right  kidney,  and  small  intestines. 

*  As  there  are  at  present  fourteen  methods  of  outlining  the  abdorninal  super- 
ficies, the  one  herein  noted  being  so  universally  accepted,  the  American  editor 
wishes  to  remind  the  student  that  th^  differences  are  but  trivial  —  A.  H, 
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In  the  left  lumbar  region  are,  the  descending  colon,  the  lower 
part  of  the  left  kidney,  omentum,  and  small  intestines. 

In  the  right  ingimial  region  are,  the  caecum  and  apj^endix 
vermiformis. 

In  the  left  inguinal  region  is  the  sigmoid  flexure  of  the  colon. 

The  abdomen  should  at  this  stage  be  distended  with  air  by 
means  of  a  blow-pipe  inserted  into  the  abdominal  cavity  through 
the  umbilicus,  which,  on  the  removal  of  the  blow-pipe,  should 
be  tied  with  a  string  to  prevent  escape  of  the  air. 

Dissection.  —  An  incision  is  to  be  made  from  the  ensiform 
cartilage  to  the  os  pubis,  another  from  the  anterior  superior 
spine  of  the  ilium  to  a  point  midway  between  the  umbilicus 
and  OS  pubis,  and  a  third  from  the  ensiform  cartilage,  trans- 
versely outwards  towards  the  axilla  as  far  as  the  angles  of  the 
ribs.  The  skin  should  then  be  dissected  from  the  subjacent 
adipose  and  connective  tissue,  called  the  superficial  fascia. 

Superficial  Fascia.  —  The  subcutaneous  tissue  of  the  ab- 
domen has  the  same  general  characters  as  that  of  other  parts, 
and  varies  in  thickness  in  different  persons,  according  to  the 
amount  of  fat.  At  the  lower  part  of  the  abdomen,  it  admits  of 
separation  into  two  layers,  between  which  are  found  the  subcuta- 
neous blood-vessels,  the  lymphatic  glands,  the  ilio-inguinal  nerve, 
and  the  hypogastric  branch  of  the  ilio-hypogastric  nerve. 

Respecting  the  superficial  layer^  observe  that  it  contains  the 
fat,  and  is  continuous  with  the  superficial  fascia  of  the  thigh, 
the  scrotum,  and  the  perineum.  The  deeper  layer  is  intimately 
connected  with  Poupart's  ligament  and  the  linea  alba ;  but  it  is 
very  loosely  continued  over  the  spermatic  cord  and  the  scrotum, 
and  becomes  identified  with  the  deep  layer  of  the  superficial 
fascia  of  the  perineum.  These  points  deserve  attention,  since 
they  explain  how  urine,  extravasated  into  the  perineum  and 
scrotum,  readily  makes  its  way  over  the  spermatic  cord  on  to 
the  surface  of  the  abdomen  ;  but  from  this  it  cannot  travel  down 
the  thigh  on  account  of  the  connection  of  the  fascia  with  Pou- 
part's ligament. 

Superficial  Blood-vessels  and  Lymphatic  Glands.  — 
Hetwcen  the  layers  of  the  superficial  fascia  in  the  groin  and 
upper  part  of  the  thigh  are  several  lymphatic  glands  and  small 
blood-vessels  (P^ig.  155).  The  glands  arc  named,  according  to 
their  situation,  inguinal  or  femoral.  The  inguinal,  from  three 
to  four  in  number,  are  often  small,  and  escape  observation. 
They  are  of  an  oval  form,  with  their  long  axis  corresponding  to 
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the  line  of  the  crural  arch  (represented  by  the  dark  line  in 
Fig.  155)-  They  receive  the  superficial  lymphatics  from  the 
lower*  part  of  the  wall  of  the  abdomen,  from  the  integument  of 
the  scrotum,  penis,  perineum,  anus,  and  gluteal  region,  and  are 
therefore  generally  affected  in  venereal  disease.  The  lymphatics 
from  the  upper  part  of  the  abdominal  parietes  terminate  in  the 


lumbar  glands. 


(Fig.  156,  p.  421.) 


Fig.  155.  —  Superficial  Vessels  and  Glands  op  the  Groin. 

I.  Saphenous  opening  of  the  fascia  lata.  2.  Saphena  vein.  3.  Superficial  epigastric  a.  4.  Super- 
ficial circumflexa  ihi  a.  5.  Superficial  external  pudic  a  6.  External  abdominal  ring.  7.  Fascia 
lata  of  the  thigh. 

The  superficial  arteries  in  the  neighborhood  arise  from  the 
femoral.  One,  the  superficial  epigastric,  ascends  over  Poupart's 
ligament  and  ramifies  over  the  lower  part  of  the  abdomen,  as 
high  as  the  umbilicus,  inosculating  with  the  deep  epigastric  and 
internal  mammary  arteries ;  another,  the  superficial  external 
pudic,  crosses  the  spermatic  cord,  and  is  distributed  to  the  skin 
of  the  penis  and  scrotum,  anastomosing  with  branches  of  the 
internal  pudic  ;  a  third,  the  superficial  circiimflexa  ilii,  ramifies 
towards  the  spine  of  the  ilium,  and  communicates  with  the 
deep  circumflex  iliac,  the  gluteal  and  external  circumflex  arteries 
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These  subcutaneous  arteries,  the  pudic  especially,  often  occasion 
a  free  haemorrhage  in  the  operation  for  strangulated  inguinal 
and  femoral  hernia. 

The  corresponding  veins  join  the  internal  saphena  vein  of 
the  thigh.  Under  ordinary  circumstances,  they  do  not  appear 
in  the  living  subject ;  but  when  any  obstruction  occurs  in  the 
inferior  vena  cava,  they  become  enlarged  and  tortuous,  and 
constitute  the  chief  channels  through  which  the  blood  would  be 
returned  from  the  lower  limbs. 

Cutaneous  Nerves.  —  The  skin  of  the  abdomen  is  supplied 
with  nerves  after  the  same  plan  as  the  chest  —  namely,  by 
lateral  and  anterior  branches  derived  from  the  five  or  six  lower 
intercostal  nerves,  as  follows  :  — 

a.  The  lateral  cutaneous  nerves  come  out  between  the  digitations  of  the  external 
oblique  muscle,  in  company  with  small  arteries,  and  divide,  except  the  last,  into 
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anterior  and  posterior  branches ;  the  anterior  pass  forwards  as  far  as  the  rectus, 
and  are  distributed  to  the  skin  as  far  as  its  outer  border,  and  to  the  digitations  of 
the  obliquus  externus  muscle;  the  posterior,  small  in  size,  run  backwards,  and 
supply  the  skin  over  the  latissimus  dorsi.  Tlie  lateral  branch  of  the  twelfth 
thoracic  nerve  is  larger  than  the  others,  and,  piercing  both   the  obli(|ue  muscles 
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passes  over  the  crest  of  the  ilium  to  the  skin  of  the  buttock,  without  dividing 
like  the  other  nerves.  The  corresponding  branch  of  th.e_^rsi  lumbar  has  a  similar 
distribution. 

b.  The  anterior  cuta7ieous  nerves  emerge  with  small  arteries  through  the  sheath 
of  the  rectus.  They  are  not  only  smaller  than  the  lateral  nerves,  but  their  number 
and  place  of  exit  are  less  regular. 

c.  The  ilio-hypogastric  nerve  comes  from  the  first  lumbar  nerve,  pierces  the 
transversalis  at  the  iliac  crest,  and  then  divides  into  an  iliac  and  hypogastric  branch. 

The  iliac  branch  comes  through  both  oblique  muscles,  and  runs  over  the  crest 
of  the  ilium,  behind  the  last  thoracic  nerve,  supplying  the  integument  over  the- 
gluteal  muscles. 

The  hypogastric  branch  lies  at  first  between  the  transversalis  and  internal 
oblique  -,  then,  piercing  the  latter,  it  runs  forwards  and  comes  through  the  aponeu- 
rosis of  the  external  oblique,  just  above  the  external  abdominal  ring,  and  is  dis- 
tributed to  the  skin  in  the  neighborhood. 

d.  The  ilia  inguinal  nerve.,  a  branch  also  of  the  first  lumbar  nerve,  is  placed 
below  the  preceding  nerve,  with  which  it  is  connected  near  the  crest  of  the  ilium. 
It  pierces  the  transversalis  and  internal  oblique,  runs  down  in  the  inguinal  canal 
in  front  of  the  cord,  and  comes  out  through  the  external  abdominal  ring  to  be 
distributed  to  the  skin  of  the  inner  part  of  the  groin,  to  the  scrotum  and  penis 
in  the  male.,  and  to  the  labium  pudendi  in  the  female. 

Dissection.  —  The  deep  layer  of  the  superficial  fascia  should 
now  be  removed  from  the  external  oblique,  by  commencing  at 
the  fleshy  portion  of  the  muscle,  and  working  in  the  course  of 
its  fibres.  Care  must  be  taken  not  to  remove  any  of  its  silvery 
aponeurosis,  which  is  very  thin,  especially  above.  The  digita- 
tions  of  this  muscle  with  the  serratus  magnus  and  latissimus 
dorsi  must  also  be  made  out. 

Muscles  of  the  Abdominal  Wall.  —  The  abdominal  mus- 
cles, three  on  each  side,  are  arranged  in  strata,  named,  after  the 
direction  of  their  fibres,  the  external  oblique,  internal  oblique, 
and  transversalis.  They  terminate  in  front  in  strong  aponeu- 
roses, arranged  so  as  to  form  a  sheath  for  a  broad  muscle,  called 
the  rectus,  which  extends  perpendicularly  on  each  side  the  linea 
alba  from  the  sternum  to  the  os  pubis. 

External  Oblique.  —  This  muscle  arises  from  the  outer  and 
lower  surfaces  of  the  eight  or  nine  lower  ribs,  by  as  many 
pointed  bundles,  called  digitations*  The  upper  five  of  these 
interdigitate  with  similar  bundles  of  the  serratus  magnus  ;  the 
three  lower  correspond  in  like  manner  with  the  origin  of  the 
latissimus  dorsi ;  but  they  cannot  be  seen  unless  the  body  be 
turned  on  the  side.  The  upper  part  of  this  muscle  descends 
obliquely  forwards,  and  terminates  in  the  aponeurosis  of  the 
abdomen ;  the  lower  proceeds  almost  perpendicularly  from  the 

*  The  upper  digitations  are  attached  to  the  ribs  close  to  their  cartilages ;  the 
lower  ones  to  the  ribs  some  distance  from  the  cartilages ;  the  last  to  the  apex  of 
the  twelfth  rib. 
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Pectoralis  major.     2. 


157.  —  Mrs(i.i-s  OP  Anti'.kk)h   Pakt  op  the  Trunk. 


aponeurosis.     4 
latissimus  dorsi 


2.  Its  clavicular  portion.  3.  Fasciculus  which  is  attached  to  the  abdominal 
^.  External  oblique.  5,  5.  Scrratus  niaj;nus.  6,  6.  Anterior  border  "f  tl'e 
7.  Fibrous  lamina  formed  by  the  interlacing  of  pectoralis  major.  8.  Xiphoid 
appendix,  g,  9.  Abdominal  aponeurosis.  10,  10.  I.inea  alba.  11.  Umbilicus.  12,  '2.  '2- 
Linea  transvers.x-.  13,13.  Kxternal  inguinal  openinR  transmitting  the  spermatic  cord.  '4-  ry- 
ramidalis  abdominis.  15,  15.  I'.order  of  the  rectus  abdominis.  16.  Sterno-hyoid  17.  Omo- 
hyoid.  18.  Sterno-cleido  mastoid.  19.  Cervical  portion  of  the  trapezius.  20.  Delotid.  21. 
Biceps.     22.    Fertineus.     23.  Sartorius.     24.  Rectus  femoris.     25.  Tensor  vagina;  fcmoris. 

la..t  ribs,  and  is  inserted  into  the  anterior  half  of  the  outer  lip 
of  the  crest  of  the  ilium.* 

•  From  its  position  and  ihe  direction  of  its  fibres,  it  is  manifest  that  the  ex- 
ternal oblique  represents,  in  the  ablomen,  thj  external  intercostal  muscles  of  the 
thest. 
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The  aponeurosis  of  the  external  obHque  increases  in  strength, 
breadth,  and  thickness,  as  it  approaches  the  lower  margin  of 
the  abdomen,  this  being  the  situation  where  the  greater  pressure 
of  the  viscera  requires  the  most  effective  support.  Its  tendi- 
nous fibres  take  the  same  direction  as  the  muscle,  and  form  by 
their  decussation  in  the  middle  line  the  linea  alba,  which  ex- 
tends from  the  ensiform  cartilage  to  the  os  pubis.  Above,  the 
aponeurosis  becomes  much  thinner,  and  is  continued  on  to  the 
pectoralis  major  and  the  ribs.  The  lowest  fibres  are  strong, 
and  form  a  thick  border,  called  Poupart's  ligament. 


Fig. 


158.  —  Poupart's  Ligament,  the  Aponeurosis  of  the  External  Oblique 
AND  THE  External  Abdominal  Ring. 


External  abdominal  ring.  2.  Its  inferior  or  external  pillar,  curvilinear,  attached  to  the  spine  of 
the  pubis.  3,3.  Its  superior  or  internal  straight  pillar,  prolonged  to  the  median  line  attached 
to  the  symphysis  pubis,  and  interlacing  with  the  one  of  the  opposite  side.  4,  4.  Ligament  of 
Colles,  situated  behind  the  preceding  pillar  and  interlacing  with  it,  attached  to  the  crest  of  the 
pubis  of  the  opposite  side,  thus  forming  an  internal  pillar.  5,5.  Attachment  of  Colles'  liga- 
ment. 6.  Arched  fibres  connecting  the  internal  and  external  pillars,  forming  the  external 
boundary  of  the  ring.  7.  Linea  alba.  8.  Symphysis  pubis.  9.  Spermatic  cord.  10.  Poupart's 
ligament.     11,  11.  Cribriform  fascia.     12.   Internal  saphenous  vein. 


The  posterior  border  of  this  muscle  is  fleshy  and  nearly  ver- 
tical, and  is  overlapped  in  its  upper  half  by  the  latissimus  dorsi. 

The  aponeurosis  is  perforated  by  numerous  cutaneous  vessels 
and  nerves  for  the  supply  of  the  skin  and  subjacent  tissues  ;  at 
its  lower  and  inner  aspect,  close  to  the  spine  of  the  os  pubis, 
there  is  a  large  oval  opening  called  the  external  abdominal  ring, 
transmitting  in  the  male  the  spermatic  cord,  and  in  the  female 
the  round  ligament. 
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Poupart's  Ligament,  or  Crural  Arch.  —  Along  the  line  of 
junction  of  the  abdomen  with  the  thigh,  the  aponeurosis  ex- 
tends from  the  anterior  superior  spine  of  the  ilium  to  the  spine 
of  the  OS  pubis,  and  forms  an  arch  over  the  intermediate  bony- 
excavation  (Fig.  158).  This,  which  is  termed  the  crural  arch, 
or,  more  commonly,  Poupart's  ligament,  transmits  the  great 
vessels  of  the  thigh,  with  muscles  and  nerves. 

This  ligament,  when  not  separated  from  its  fascial  connec- 
tions, does  not  run  straight  from  the  spine  of  the  ilium  to  that 
of  the  OS  pubis,  but  is  slightly  curved,  with  its  convexity  towards 
the  thigh.  Above,  and  somewhat  to  the  outer  side  of  the  spine 
of  the  OS  pubis,  is  situated  an  opening  in  the  aponeurosis, 
called  the  external  abdominal  ring.  In  the  male  it  is  a  trian- 
gular opening  about  an  inch  {2.^  cm.)  long,  with  its  base  at  the 
OS  pubis,  and  will  admit  the  passage  of  a  finger ;  it  transmits 
the  spermatic  cord.  In  the  female  it  is  smaller,  and  transmits 
the  round  ligament  of  the  uterus.  Its  direction  is  downwards 
and  inwards,  and  it  is  bounded  below  by  the  crest  of  the  os 
pubis,  above  by  some  arched  fibres  which  give  strength  to  the 
apex  of  the  opening,  and  on  each  side  by  the  free  margins  of 
the  aponeurosis  which  are  termed  its  columns  or  pillars.  The 
iftner  or  7ipper  pillar  (No.  3)  is  thin,  and  is  attached  to  the 
front  of  the  os  pubis,  decussating  with  its  fellow  of  the  oppo- 
site side  in  front  of  the  symphysis.  The  outer  or  lower  pillar  is 
thicker  and  stronger,  and  has  three  attachments :  one,  into 
the  spine  of  the  os  pubis  — Pouparfs  ligament  (No.  10)  ;  an- 
other, for  three-quarters  of  an  inch  {18  mm.)  along  the  linea 
ilio-pectinea  —  Gimbernafs  ligament;  the  third  —  Colles'  or 
triangular  ligament  —  consists  of  a  few  fibres  which  pass 
obliquely  upwards  and  inwards  beneath  the  spermatic  cord  and 
the  inner  pillar  as  far  as  the  linea  alba,  where  they  expand  into 
a  triangular  fascia  in  front  of  the  conjoined  tendon,  and  are 
the  lower  part  of  the  apoeurosis  of  the  opposite  side.  At  the 
lower  part  of  the  aponeurosis  of  the  external  oblique,  there  are 
some  arched  fibres  called  intercoltmitiar  fibres,  which  are  strong- 
est above  the  external  ring.  Their  use  is  to  strengthen  the 
opening  and  prevent  the  ring  from  enlarging. 

Attached  to  the  pillars  of  the  external  ring  is  a  thin  fascia, 
the  intercolumnar  or  external  spermatic  fascia,  which  is  pro- 
longed over  the  spermatic  cord  and  testis,  and  thus  forms  one 
of  the  coverings  of  that  organ. 

The  spermatic  cord  in  its  passage  through  the  ring  rests 
upon  the  external  pillar. 
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Dissection.  —  The  external  oblique  should  now  be  detached 
from  the  ribs  and  the  crest  of  the  ilium,  and  turned  forwards 
as  far  as  this  can  be  done  without  injuring  its  aponeurosis  or 
the  crural  arch.  In  detaching  this  muscle  from  the  ribs,  care 
should  be  taken  not  to  reflect  with  it  the  upper  fibres  of  the 
rectus,  and  as  the  dissection  is  carried  forwards,  the  student 
should  avoid  injuring  the  thin  aponeurosis  of  the  internal 
oblique  muscle.  The  second  muscular  stratum  will  thus  be 
exposed  and  recognized  by  the  difference  in  the  direction  of  its 
fibres,  which  run  upwards  and  inwards. 

Internal  Oblique.  —  This  is  thinner  than  the  last-named 
muscle,  and  arises  by  fleshy  fibres  from  the  outer  half  or  more 

of  Poupart's  ligament,  from 
the  anterior  two-thirds  of 
the  middle  lip  of  the  crest 
of  the  ilium,  and  from  the 
posterior  aponeurosis  of  the 
transversalis  muscle  (fascia 
lumborum).  The  fibres  ra- 
diate from  their  origin,  the 
anterior  ones  passing  trans- 
versely forwards,  the  poste- 
rior ones  ascending  nearly 
vertically.  The  fibres  are 
inserted  in  the  following 
manner  :  the  anterior  fibres 
(which  arise  from  Poupart's 
ligament)  pass  inwards,  and 
arch  over  the  spermatic 
cord,  descending  somewhat 
to  be  inserted,  in  common 
with  the  tendon  of  the 
transversalis  muscle,  into 
the  crest  of  the  os  pubis, 
and  for  a  short  distance  into  the  linea  ilio-pectinea  immediately 
behind  the  external  ring;  the  middle  fibres  (which  arise  from 
the  anterior  iliac  spine  and  front  of  its  crest)  are  directed  trans- 
versely inwards,  to  be  attached  to  an  aponeurosis  which  passes 
to  the  linea  alba  ;  the  posterior  fibres  ascend  nearly  vertically 
to  be  attached  into  the  cartilages  of  the  four  lower  ribs,  and  are 
continuous  with  the  internal  intercostal  muscles,  which  they  rep- 
resent in  the  abdomen. 


Fig.  159.  —  Diagram  of  the  Lower  Fibres  of 
THE  Internal  Oblique  and  Transversalis, 
with  the  Cremaster  Muscle. 

I.  Conjoined  tendon  of  internal  oblique  and  trans- 
versalis. 2.  Cremaster  muscle  passing  down 
in  loops  over  the  cord. 
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The  aponeurosis  of  the  internal  oblique  is  the  broad  expanded 
tendinous  tissue  into  which  the  muscle  is  anteriorly  attached, 
and  is  continued  to  the  middle  line,  where  its  fibres  join  those 
of  the  opposite  side  at  the  linea  alba.  It  extends  from  the 
chest  to  the  os  pubis,  and  its  fibres  run  in  the  same  direction 
as  the  muscle.     At  the  outer  border  of  the  rectus  it  splits  into 


Fig.  160.  —  Deep  Muscles  of  the  Abdominal  Wall. 


I.  Rectus  abdominis.  2,  2.  Internal  oblique.  3,  3.  Anterior  leaflet  ot  the  aponeurosis  of  the  in- 
ternal oblique.  4,  4.  Cut  external  oblique.  5,  5.  Spermatic  cord.  6,6.  Inferior  part  of  the 
external  oblitjue  aponeurosis  turned  back  on  the  thigh.  7.  Rectus  abdcmiinis  ;  the  upper  part 
has  been  excised  to  show  the  aponeurosis  of  the  transversalis.  8,  8.  Fleshy  portion  of  this 
muscle.  Q.  Its  aponeurosis.  10.  Umbilicus.  11.  I.inea  alba  above  umbilicus.  12.  Infra- 
umbilical  linea  alba  separating  below  the  two  pyramidales.  13,  i;?.  Serratus  magnus.  14.  Cut 
right  latissimus  dorsi.  15.  Cut  left  latissimu?  dorsi.  16.  Cut  serratus  niagnus.  17,  17.  External 
intercostals.     18,  18.   Femoral  aponeurosis.     19.  Cut  internal  oblique. 


two  layers  —  an  anterior,  which  passes  in  front  of  the  rectus  in 
conjunction  with  the  aponeurosis  of  the  external  oblique  ;  and 
a  posterior,  which,  in  common  with  the  aponeurosis  of  the 
transversalis,  passes  behind  the  rectus.  The  point  of  division 
of  the  aponeurosis  presents  a  semilunar  line  extendinj^f  from 
the  OS  pubis  to  the  cartila^^e  of  the  ci<^^hth  rib.     This  is  called 
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the  linea  semihinaris,  through  which  a  hernia  occasionally  pro- 
trudes. The  two  layers  thus  form  a  sheath  for  the  rectus, 
which,  except  at  the  lower  fourth  behind,  is  complete.  Midway 
between  the  umbilicus  and  the  os  pubis,  the  aponeurosis  of  all 
the  three  muscles  pass  in  front  of  the  rectus,  so  that  posteriorly 
in  this  situation  it  has  no  sheath.  The  lower  free  border  of  the 
posterior  part  of  the  sheath  —  the  semilunar  fold  of  Douglas  — 
marks  the  situation  where  the  deep  epigastric  artery  enters  the 
substance  of  the  rectus. 

Cremaster  Muscle.  —  The  cremaster  \s  a  thin,  pale  muscle, 
or  the  reverse,  according  to  the  condition  of  the  subject.  It  is 
best  to  regard  it  as  a  detachment  of  the  lowest  fibres  of  the 
internal  oblique,  which  arise  from  the  middle  of  Poupart's  liga- 
ment. Passing  along  the  outer  side  of  the  spermatic  cord,  the 
fibres  descend  with  it  through  the  external  ring,  and  then  arch 
up  again  in  front  of  the  cord  to  the  spine  and  crest  of  the  os 
pubis,  forming  loops  of  different  lengths,  some  reaching  only 
as  low  as  the  external  ring,  others  lower  still,  whilst  the  lowest 
spread  out  over  the  tunica  vaginalis  of  the  testis.  The  muscular 
fibres  are  frayed  out,  being  connected  by  loose  cellular  tissue, 
and  form  a  covering  for  the  testis,  called  the  cremasteric  fascia. 
This  muscle  is  absent  in  the  female.  Its  nerve  comes  from  the 
genital  branch  of  the  genito-crural,  and  its  artery  {cremasteric) 
from  the  deep  epigastric. 

Dissection.  —  The  student  should  not  now  further  dissect 
the  structures  on  the  left  side,  so  that  they  may  be  left  till  a 
future  period  for  the  complete  demonstration  of  the  parts  con- 
cerned in  inguinal  hernia.  On  the  right  side,  the  internal 
oblique  should  be  detached  from  the  ribs  and  the  crest  of  the 
ilium,  and  turned  forwards,  without  disturbing  that  portion  of 
it  connected  with  the  crural  arch.  To  avoid  cutting  away  any 
part  of  the  transversalis  in  reflecting  the  internal  oblique,  dis- 
sect near  the  crest  of  the  ilium,  and  search  for  an  artery  which 
runs  between  these  muscles,  and  may  be  followed  as  a  guide. 
This  artery,  called  the  deep  circumflexa  iliac,  is  a  branch  of  the 
external  iliac,  and  supplies  the  abdominal  muscles.  Beneath 
the  internal  oblique  the  continuations  of  the  intercostal  nerves 
and  vessels  are  brought  into  view,  as  are  also  the  last  thoracic, 
the  ilio-hypogastric,  and  ilio-inguinal  nerves  near  the  crest  of 
the  ilium.     These  should  be  preserved. 

The  internal  oblique  is  in  relation,  on  its  deeper  surface  with 
the  transversalis  abdominis,  the  fascia  transversalis,  and  with 
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the  spermatic  cord  near  Poupart's  ligament ;  on  its  inner  side, 
at  the  division  of  its  aponeurosis,  with  the  outer  border  of  the 
rectus  ;  below,  it  forms  the  upper  arched  boundary  of  the  in- 
guinal canal. 

Transversalis  Abdominis. — This  muscle  arises  by  fieshy 
fibres  from  the  outer  third  of  Poupart's  ligament,  from  the  an- 
terior two-thirds  of  the  inner  lip  of  the  crest  of  the  ilium,  from 
a  strong  fascia  attached  to  the  transverse  processes  of  the  lum- 
bar vertebrae,  and,  lastly,  from  the  inner  surfaces  of  the  six  or 
seven  lower  costal  cartilages,  by  digitations  which  correspond 
with  those  of  the  diaphragm.  From  this  origin  the  fibres  pass 
horizontally  forwards,  and  terminate  anteriorly  in  a  broad 
aponeurosis  attached  to  its  fellow  at  the  linea  alba.  Some  of 
its  lower  fibres  arch  downwards,  and  are  inserted  with  some 


Fig.  161. — Transverse  Section  through  the  Abdominal  Muscles  to  show  the  Forma- 
tion  OP    the  Sheath   of  the  Rectus,  the  Quadratus  Lumborum,  and  the  Erector 

SPINyK. 

fibres  of  the  internal  oblique  by  means  of  a  conjoined  tendon 
into  the  crest  of  the  os  pubis  and  the  linea  ilio-pectinea. 

The  aponeurosis  into  which  the  fibres  are  inserted  is  broader 
below  than  above,  and  forms  a  part  of  the  posterior  sheath  of 
the  rectus,  excepting  in  the  lower  fourth,  where  it  passes  entirely 
in  front. 

In  the  dissection  of  the  back  we  have  fully  described  the 
lumbar  fascia,  showing  that  it  divides  into  three  layers:  the 
posterior  layer,  attached  to  the  tips  of  the  spinous  processes, 
gives  attachment  to  the  internal  oblique,  and  is  continuous  with 
the  aponeurosis  of  the  serratus  posticus  inferior  and  latissimus 
dorsi ;    the  middle  layer  attached  to  the  tips  of  the  transverse 
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processes,  and  the  anterior  layer  —  very  thin  —  attached  to  the 
anterior  aspect  of  the  bases  of  the  transverse  processes.  Be- 
tween the  anterior  and  middle  layer  is  the  quadratus  lumborum  ; 
between  the  middle  and  posterior,  the  erector  spinae. 

Rectus  Abdominis.  —  This  long  muscle  is  situated  verti- 
cally in  front  of  the  abdomen,  and  is  enclosed  in  a  sheath  formed 
by  the  aponeuroses  of  the  lateral  muscles  of  the  abdomen,  and 
separated  from  its  fellow  by  the  linea  alba.  To  expose  it,  there- 
fore, slit  up  the  middle  of  the  sheath,  and  reflect  the  two  halves. 
It  arises  by  two  tendons,  the  inner  and  smaller  of  which  is  at- 
tached to  the  front  of  the  symphysis,  the  otiter  to  the  crest  of 
the  OS  pubis.  As  the  fibres  pass  up,  the  muscle  becomes 
broader  and  thinner,  and  is  inserted  into  the  fifth,  sixth,  and 
seventh  costal  cartilages.  Notice  the  tendinous  intersections 
across  the  muscle  called  lifiecB  transverscs,  which  are  incomplete 
repetitions  of  the  ribs  in  the  wall  of  the  abdomen.*  Their 
number  varies  from  three  to  five,  but  there  are  always  more 
above  than  below  the  umbilicus.  These  tendinous  intersections 
adhere  closely  to  the  sheath  in  front,  but  not  behind ;  conse- 
quently, pus  formed  between  the  front  of  the  rectus  and  its 
sheath  would  be  confined  by  two  intersections  ;  not  so  on  the 
back  of  the  muscle,  where  pus  might  travel  down  the  entire 
length  of  it.  There  is  one  intersection  on  a  level  with  the  um- 
bilicus, one  on  a  level  with  the  ensiform  cartilage,  and  an  inter- 
mediate one  between  these  two. 

The  sheath  of  the  rectus  consists  in  front  of  the  aponeurosis 
of  the  external  oblique,  and  half  the  thickness  of  that  of  the  in- 
ternal oblique ;  while  the  back  of  the  sheath  comprises  the 
aponeurosis  of  the  transversalis,  and  half  that  of  the  internal 
oblique  (Fig.  i6i).  This,  however,  applies  only  to  the  upper 
three-fourths  of  the  muscle  ;  the  lower  fourth  has  no  sheath  be- 
hind, since  all  the  aponeuroses  pass  in  front  of  it ;  the  only 
structure  in  contact  with  the  muscle  in  this  part  is  the  fascia 
transversalis. 

Pyramidalis.  —  This  small  triangular  muscle  is  situated  near 
the  OS  pubis,  close  to  the  linea  alba,  and  has  a  sheath  of  its  own. 
It  arises  by  tendinous  fibres  from  the  front  part  of  the  os  pubis 
and  the  anterior  pubic  ligament  in  front  of  the  rectus,  and  ter- 
minates in  the  linea  alba  about  midway  between  the  os  pubis 
and  the  umbilicus.  It  is  often  absent  on  one  or  even  both  sides 
(Fig.  1 60,  p.  427). 

*  Some  animals,  e.g.^  the  crocodile,  have  bony  abdominal  ribs. 
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Linca  alba.  —  The  aponeuroses  of  the  abdominal  muscles  de- 
cussate along  the  middle  line  and  form  a  white .  fibrous  band, 
extending  from  the  ensiform  cartilage  to  the  os  pubis.  This  is 
the  linea  alba:  it  is  the  fibrous  continuation  of  the  sternum, 
and  is  broader  above  than  below.  A  little  lower  than  the  middle 
is  a  large  aperture  in  it  —  the  umbilicus  —  through  which  a 
hernial  protrusion  not  infrequently  takes  place.  It  is  in  relation 
behind  with  the  fascia  transversalis,  the  urachus,  and  the  bladder 
when  distended. 

The  linea  alba,  being  the  thinnest  part  of  the  abdomen,  and 
free  from  large  blood-vessels,  is  chosen  as  a  safe  line  for  tapping 
in  dropsy,  for  puncturing  the  bladder  in  retention  of  urine,  and 
for  abdominal  sections. 

LineiB  semiluuarcs.  —  These  are  the  two  slightly  curved  lines, 
on  the  front  of  the  abdomen,  corresponding  with  the  outer 
margins  of  the  two  recti  muscles.  They  are  formed  by  the 
junction  of  the  aponeurosis  of  the  lateral  muscles. 

The  abdominal  muscles  serve  many  important  purposes :  — 

Individual  Action  of  Abdominal  Muscles.  —  Action  oi  the. 
external  oblique  compresses  the  abdominal  contents  in  defecation, 
micturition,  parturition,  and  all  expiratory  efforts  ;  both  ex- 
ternal oblique  flex  the  thorax  on  the  pelvis  ;  one  acting  alone  will 
rotate  the  pslvis,  and  on  the  same  side  of  the  thorax  this  action 
is  assisted  by  the  opposite  internal  oblique  muscle ;  vertical 
fibres  will  produce  lateral  flexion  of  the  thorax  ;  the  pelvis  being 
the  fixed  point,  both  muscles  will  flex  the  lower  thoracic  and 
upper  lumbar  regions  ;  the  nerves  are  the  inferior  intercostals, 
after  perforating  the  muscles  beneath.  Action  of  the  ijiternal  ob- 
lique compresses  in  the  same  manner  as  the  external  muscles; 
in  rotary  motions,  either  will  act  alone  or  with  the  opposite 
external  oblique  to  rotate  the  thorax ;  the  thorax  being  fixed, 
both  ventral  and  lateral  flexion  may  be  accomplished.  The 
mrv3S  are,  in  addition  to  the  inferior  intercostals,  the  ilio-ingui- 
nal  and  ilio-hypogastric  from  the  lumbar  plexus. 

Action  of  the  transversalis  muscles,  arising  as  it  does  from 
the  combined  origins  and  insertions  of  both  external  and  inter- 
nal obliques,  girths  the  abdominal  cavity,  compressing  its  con- 
tents. iV:rvcs  are  the  same  as  the  internal  oblique.  Action  of 
the  rectus  abdominis,  —  it  compresses  the  viscera,  assists  the  ex- 
ternal and  internal  oblique  and  transversalis  muscles,  but  is  par- 
ticularly active  in  strong  expiratory  efforts,  as  sneezing  and  cough- 
in-^.     The   linca  transvcrsx'  are  remnants  of  the  muscular  septa, 
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which  in  the  lower  animals,  particularly  the  crocodile,  form  ab- 
dominal ribs.  They  increase  the  strength  of  the  muscles,  and 
prevent  ventral  hernia.  Nerves  are  the  inferior  intercostals  and 
ilio-hypogastric  from  the  lumbar  plexus. 

Action  of  \hQ  pyj'amidalis  is  as  a  tensor  of  the  linea  alba,  and 
assists  the  rectus  muscle.  Nerves  are  the  eleventh  and  twelfth 
intercostals  and  the  ilio-hypogastric.      (A.  H.) 

Collective  Action  of  the  Abdominal  Muscles. —  ist.  In 
tranquil  expiration  they  push  the  diaphragm  upwards  by  gentle 
pressure  on  the  abdominal  viscera. 

In  forcible  expiratioti  the  same  process  takes  place,  but  with 
greater  energy.  This  is  variously  exemplified  in  coughing, 
sneezing,  and  laughing. 

2d.  In  vomiting-,  the  diaphragm  being  fixed  *  by  the  closure 
of  the  glottis,  the  abdominal  muscles  contract,  and  assist  the 
stomach  to  expel  its  contents. 

3d.  In  conjunction  with  the  contracted  diaphragm,  they 
assist  the  muscular  walls  of  the  bladder  and  rectum  in  the  ex- 
pulsion of  urine  and  faeces,  and  the  action  of  the  uterus  in 
parturition.  They  exercise  a  gentle  pressure  and  support  on 
the  abdominal  viscera,  and  shield  them  from  injury  by  strongly 
contracting  when  a  blow  is  anticipated. 

4th.  They  are  movers  of  the  trunk  in  various  ways.  For 
example,  the  right  external  oblique  acting  with  the  left  internal 
oblique  will  rotate  the  chest  towards  the  left  side,  as  in  mowing, 
and  vice  versa. 

The  rectus  is  chiefly  concerned  in  raising  the  body  from  the 
horizontal  position,  as  anyone  may  ascertain  by  placing  his  hand 
on  the  abdomen  while  rising  from  the  ground.  The  pyramidalis 
makes  the  linea  alba  tense. 

Dissection.  —  By  dividing  the  rectus  transversely  near  the 
umbilicus,  and  raising  it  from  its  position,  we  have  a  complete 
view  of  the  manner  in  which  the  sheath  is  formed  :  we  ob- 
serve, too,  that  this  is  absent  behind  the  lower  fourth  of  the 
muscle.  Ramifying  in  the  substance  of  the  muscle  is  a  large 
artery,  called  the  deep  epigastric,  a  branch  of  the  external  iliac  ; 
also  the  continuation  of  the  internal  mammary,  which  descends 
from  the  subclavian. 

Nerves  of  the  Abdominal  Wall.  —  These  nerves  are  the 
anterior  divisions  of  the  six  lower  intercostal  nerves,  and  of  the 

*  By  the  term  "  fixed,"  it  is  meant  that  the  diaphragm  forms  a  resisting  sur- 
face. 
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first  lumbar.  They  have  the  same  general  course  and  distribu- 
tion, and  are  accompanied  by  small  arteries  derived  from  the 
intercostal  and  first  lumbar  arteries. 

The  intercostal  or  abdominal  nerves  come  forward  beneath 
the  anterior  extremities  of  the  intercostal  spaces,  and  then  run 
between  the  internal  oblique  and  transversalis,  towards  the  edge 
of  the  rectus,  which  they  enter,  small  twigs  coming  through  it 
at  the  middle  line  to  supply  the  skin.  Each  gives  off  a  lateral 
cutaneous  branch,  which  perforates  the  external  intercostal  and 
external  oblique  muscles,  and  divides,  into  an  anteriof  branch, 
distributed  to  the  skin  and  superficial  fascia  as  far  as  the  rectus, 
and  into  a  posterior  branch,  smaller  than  the  anterior,  which 
supplies  the  skin  over  the  latissimus  dorsi. 

The  last  thoracic  nerve,  larger  than  the  other  intercostals,  is 
continued  forwards  beneath  the  last  rib,  lying  on  the  quadratus 
lumborum,  and  then,  piercing  the  transversalis  aponeurosis, 
runs  between  this  muscle  and  the  internal  oblique,  and  is  finally 
distributed  like  the  preceding  nerves.  Its  lateral  cutaneous 
branch  is  very  large,  and  descends  over  the  crest  of  the  ilium. 

The  ilio-hypogastric  nerve,  a  branch  of  the  first  lumbar, 
emerges  from  the  outer  border  of  the  psoas,  and  then  runs  ob- 
liquely across  the  quadratus  lumborum  as  far  as  the  iliac  crest, 
where  it  perforates  the  transversalis  muscle  and  divides  into  an 
iliac  and  an  hypogastric  branch  (p.  422).* 

The  ilio-inguinal  jierve,  smaller  than  the  former,  and,  like  it, 
a  branch  of  the  first  lumbar,  runs  along  the  iliac  crest  after 
piercing  the  psoas,  and  is  here  connected  with  the  ilio-hypogas- 
tric. It  comes  through  the  transversalis  near  the  front  of  the 
ilium,  and,  after  piercing  the  internal  oblique,  runs  in  front  of 
the  cord  in  the  inguinal  canal.  Its  cutaneous  distribution  has 
been  described  (p.  422). 

Dissection.  —  The  transversalis  muscle  must  now  be  re- 
flected with  the  rectus  by  incisions  similar  to  those  for  the 
reflection  of  the  external  oblique,  when  a  thin  delicate  fascia 
behind,  the  fascia  transversalis,  will  be  exposed.  The  dissec- 
tion should  take  place  from  below  upwards,  as  the  muscle  is 
less  intimately  connected  with  the  fascia  below  than  it  is  higher 
up. 

*  The  iliohypogastric  and  ilio-inguinal  nerves  form  important  landmarks  in 
operating  upon  the  kidney,  as  the  former  crosses  the  perinephritic  fat  obliquely 
from  within  outwards  and  appears  in  the  wound  before  the  organ  is  reached.  The 
latter  nerve  crosses  the  kidney  lower  than  the  former.  —  A.  II. 


434 


INTERNAL    ABDOMINAL    RING. 


Fascia  Transversalis.  —  This  fascia  separates  the  transver- 
salis  muscle  from  the  peritoneum,  and  is  so  called  because  it  lies 
in  contact  with  the  posterior  surface  of  the  muscle.  It  is  com- 
paratively thin,  superiorly,  where  it  is  continuous  with  the  fascia 
on  the  under  surface  of  the  diaphragm.  Interiorly,  it  is  thick 
and  strong,  and  is  attached  to  the  crest  of  the  ilium  and  to 
Poupart's  ligament,  where  it  is  strengthened  by  fibres  from  the 
aponeurosis  of  the  transversalis ;  it  becomes  continuous  with 
the  fascia  covering  the  iliacus  muscle  (iliac  fascia),  and  below 
with  the  pelvic  fascia.  About  the  middle  of  Poupart's  ligament 
it  sends  a  funnel-shaped  prolongation  downwards  into  the  thigh, 
forming  the  anterior  part  of  the  sheath  of  the  femoral  vessels. 

Internally,  it  is  connected 
with  the  margin  of  the  rectus, 
to  the  lower  margin  of  the 
conjoined  tendon,  to  the  os 
pubis,  and  tothe  pectineal  line. 
This  fascia  is  strongest  just 
behind  the  external  abdominal 
ring,  and,  but  for  it  and  the 
conjoined  tendon,  there  would 
be  a  direct  opening  into  the 
abdominal  cavity  through  the 
external  ring.  The  outer  half 
of  the  fascia  is  very  firmly 
connected  to  Poupart's  liga- 
ment and  to  the  fascia  iliaca  ; 
but  the  inner  half  is  loosely 
connected  with  the  crural 
arch,  and  passes  down  under 
it,  as  before  stated,  over  the 
femoral  vessels  into  the  thigh, 
and  forms  the  front  of  what 
is  termed  the  crural  sheath.* 
Internal  Abdominal 
Ring.  —  The  opening  in  the 
fascia  transversalis  through 
which  the  spermatic  cord  passes  is  called  the  internal  ab- 
dominal ring   (or   the   inner  aperture  of    the   inguinal    canal). 

*  The  femoral  sheath  is  formed  by  the  fasciae  from  the  iliacus,  transversalis 
and  the  obturator  internus  muscles.  Thus  making  a  funnel-shaped  process  in 
which  is  lodged  the  femoral  vessels,  and  a  space  in  which  the  hernia  may  take 
place.  —  A.  H. 


Fig.  162.  —  Diagram  op  the  Fascia  Trans- 
versalis, SEEN  FROM  THE  FrONT. 

I.  Internal  abdominal  ring.  2.  Position  of  the 
external  abdominal  ring  in  dotted  outline. 
3.  Epigastric  a.  in  dotted  outline.  4,4.  Sheath 
of  the  femoral  vessels,  continued  from  the 
fascia  transversalis.  5,  Femoral  a.  6.  Pro- 
funda a.  7.  Saphena  v.  8,  8.  Fascia  trans- 
versalis. 
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It  corresponds  to  a  point  midway  between  the  anterior  superior 
spine  of  the  ilium  and  the  spine  of  the  os  pubis,  and  about 
half  an  inch  (/J  m7?t.)  above  Poupart's  ligament.  It  is  oval 
with  the  long  diameter  nearly  vertical ;  it  is  bounded  above 
by  the  arched  fibres  of  the  transversalis  muscle,  and  on  the 
inner  side  by  the  deep  epigastric  vessels.  Its  margin  is 
well  defined  on  the  inner,  but  not  on  the  outer  side,  and  from 
its  border  is  continued  forwards  a  funnel-shaped  prolonga- 
tion over  the  spermatic  cord,  which  passes  through  the  ring. 
This  covering,  thin  and  delicate,  is  termed  the  infiindibuliforni 
fascia.  (This  is  not  seen  in  the  diagram).  Close  by  the  inner 
border  of  the  internal  ring,  the  deep  epigastric  artery  ascends 
to  enter  the  substance  of  the  rectus. 

Arteries  of  the  Abdominal  "Walls. — The  abdominal  walls 
are  supplied  with  blood  derived  from  the  intercostal,  lumbar, 
and  deep  circumflex  iliac  arteries,  and  in  front  also,  from  the 
internal  mammary  and  deep  epigastric  arteries. 

The  intercostal  arteries  come  from  the  descending  thoracic 
aorta,  and,  like  their  accompanying  nerves,  enter  the  abdominal 
wall  between  the  transversalis  and  internal  oblique  muscles. 
They  anastomose  with  the  internal  mammary,  deep  epigastric, 
and  lumbar  arteries. 

The  lumbar  artery  accompanies  the  last  thoracic  nerve. 

The  internal  r,taviinary  artery  divides,  between  the  cartilages 
of  the  sixth  and  seventh  ribs,  into  the  musculo-phrenic  and  the 
superior  epigastric  arteries.  The  superior  epigastric  artery 
descends  behind  the  cartilage  of  the  seventh  rib,  and,  piercing 
the  sheath  of  the  rectus,  enters  that  muscle,  supplying  it  and 
anastomosing  with  the  deep  epigastric. 

The  ninscido-phrenic  artety  descends  obliquely  outwards  be- 
hind the  cartilages  of  the  false  ribs,  and  pierces  the  diaphragm 
about  the  ninth  rib ;  it  is  then  continued  along  the  last  inter- 
costal space,  and  terminates  in  branches  for  the  supply  of  the 
abdominal  walls. 

The  deep  epigastric  artery  arises  from  the  external  iliac,  just 
before  this  vessel  passes  under  the  crural  arch  to  take  the 
name  of  femoral.  It  ascends  inwards  between  the  fascia  trans- 
versalis and  the  peritonium,  forms  a  gentle  curve  on  the  inner 
side  of  the  internal  abdominal  ring,  and  consequently  on  the 
inner  side  of  the  spermatic  cord,  and  then  enters  the  rectus 
muscle  just  below  the  fold  of  Douglas,  which  is  the  lower 
arched  edge  of  the  posterior  sheath  of  the  rectus. 
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The  artery  runs  in  the  substance  of  the  rectus  parallel  with 
the  linea  alba,  and  inosculates  with  the  superior  epigastric 
branch  of  the  internal  mammary  artery.  It  is  accompanied  by 
two  veins,  of  which  the  larger  is  on  its  inner  side  ;  these  termi- 
nate in  a  single  trunk  in  the  external  iliac  vein. 

The  deep  epigastric  gives  off  the  following  branches  :  — 

Th.Q  pubic  is  the  most  important  branch.  It  runs  inwards  behind  the  crural 
arch  towards  the  os  pubis,  behind  which  it  anastomoses  with  the  pubic  branch  of 
the  obturator.  Sometimes  the  obturator  artery  is  absent  or  small,  in  which  case 
the  pubic  branch  of  the  epigastric  enlarges  and  takes  the  place  of  the  absent  ves- 
sel. It  derives  its  chief  practical  interest  from  the  fact  that  it  is  liable  to  be 
wounded  in  dividing  the  stricture  in  femoral  hernia.  But  its  size  varies  in  different 
subjects,  and  is  sometimes  so  small  as  to  escape  observation.  The  second  branch 
is  the  crejnasteric.  It  supplies  the  coverings  of  the  cord,  but  chiefly  the  cremaster 
muscle.  After  giving  off  other  unnamed  nniscidar  branches,  some  of  which  per- 
forate the  mnscle  to  supply  the  skin,  the  main  trunk  terminates  in  the  rectus  by 
inosculations  with  the  internal  mammary. 

Deep  Circumflex  Iliac.  —  T\iq  deep  circtiuifiex  iliac  2.x\.Qxy 
is  a  branch  of  the  external  iliac,  just  above  the  crural  arch  ;  it 
runs  upwards  and  outwards,  behind  and  parallel  with  Poupart's 
ligament,  and  at  the  middle  of  the  crest  of  the  ilium  pierces  the 
transversalis  muscle,  and,  running  in  the  same  direction,  lies  be- 
tween the  transversalis  and  internal  oblique.  It  anastomoses 
with  the  ilio-lumbar  artery,  and  sends  small  muscular  branches, 
which  run  upwards,  and  communicate  with  the  epigastric  and 
the  lumbar  arteries. 

The  circumflex  iliac  veins  join  to  form  a  single  vein,  which 
crosses  the  external  iliac  artery,  and  opens  into  the  external  iliac 
vein. 

Dissection.  —  To  see  that  part  of  the  peritoneum  concerned 
in  inguinal  hernia,  the  fascia  transversalis  must  be  removed  by 
incisions  similar  to  those  recommended  before.  The  fascia  is 
easily  separable  from  the  peritoneum,  which  is  situated  im- 
mediately behind  it,  owing  to  the  presence  of  more  or  less  fat  ■ — 
subperitoneal  fat.  The  peritoneum  at  the  inner  ring  presents  a 
well-marked  depression,  which  varies,  however,  considerably,  in 
some  being  scarcely  visible,  in  others  being  continued  down- 
wards into  the  inguinal  canal,  in  the  form  of  a  pouch.  In  some 
instances,  a  communication  is  found  between  the  general  cavity 
of  the  peritoneum  and  the  tunica  vaginalis  testis. 

Inguinal  Canal.  —  Having  examined  the  several  strata 
through  which  the  spermatic  cord  passes,  replace  them  in  their 
natural  position,  and  examine  the  inguinal  canal  as  a  whole.    Its 
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direction  is  obliquely  downwards  and  inwards.  Its  length 
in  a  well-formed  adult  male  is  from  one  and  a  half  to  two 
inches  {J.8  to  5  cm.).  It  commences  at  the  inner  ring,  and  ter- 
minates at  the  external  abdominal  ring.  It  is  bounded  in  front 
by  skin,  superficial  and  deep  fasciae,  by  the  aponeurosis  of  the 
external  oblique,  and  externally  by  a  small  portion  of  the  internal 
oblique  ;  bcJiind,  by  the  fascia  transversalis,  by  the  conjoined 
tendon  of  the  internal  oblique  and  transversalis,  and  by  the  tri- 
angular ligament ;  above,  by  the  lower  fleshy  fibres  of  the  in- 
ternal oblique  and  transversalis ;  belozv,  by  the  junction  of  the 
fascia  transversalis  with  the  crural  arch. 

Spermatic  Cord.  —  This  round  cord  extends  from  the  testis 
to  the  internal  abdominal  ring,  and  consists  of  numerous  struc- 
tures, connected  together  by  delicate  areolar  tissue,  and  is  sur- 
rounded by  the  different  strata  from  the  abdominal  muscles, 
which  are  pushed  down  in  the  descent  of  the  testis  into  the 
scrotum  in  foetal  life.  The  cord  lies  in  the  inguinal  canal ;  at 
the  outer  ring  it  rests  on  the  outer  pillar,  and  at  the  inner  ring 
the  different  constituents  of  the  cord  separate  from  each  other. 

'Y\v'&  arteries  of  the  cord  diVt  derived  from  the  spermatic  artery 
from  the  abdominal  aorta,  the  deferential  artery  from  the 
superior  vesical,  and  the  cremasteric  branch  from  the  deep 
epigastric. 

The  veins  of  the  cord  are  chiefly  the  spermatic  :  they  form  on 
the  cord  a  plexus  of  veins  —  the  pampiniform  plexus  —  and, 
passing  up  in  front  of  the  cord,  open  on  the  right  side  into  the 
inferior  vena  cava ;  and  on  the  left  side,  into  the  left  renal- 
vein. 

The  lymphatics  pass  into  the  lumbar  glands. 

The  nerves  are  derived  from  the  renal,  aortic,  and  hypogastric 
plexuses.  In  front  of  the  cord  is  the  ilio-inguinal  nerve,  and 
behind  it  is  the  genital  branch  of  the  genito-crural  nerve. 

The  cord,  as  will  presently  be  described,  receives  coverings 
from  the  external  oblique,  from  the  internal  oblique  and  trans- 
versalis, and  from  the  fascia  transversalis. 

The  vas  deferens,  the  excretory  duct  of  the  testis,  passes 
through  the  inguinal  canal,  being  placed  behind  the  other  con- 
stituents of  the  cord,  and  after  passing  through  the  inner  ring, 
curves  round  the  epigastric  artery  in  its  descent  into  the  pelvis. 

Round  Ligament.  —  In  the  female  there  is  a  round  cord 
occupying  the  inguinal  canal  —  the  round  ligament —  which  is 
lost,  externa]  to  the  outer  ring,  in  the  subcutaneous  tissues  of 
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the  labium   majus.     Its  coverings  are  the  same  as  those  of  the 
male,  excepting  the  cremasteric  fascia. 

Deep  Crural  Arch. — This  structure,  which  is  apparently  a 
thickening  of  the  fascia  transversalis,  has  more  to  do  with  femoral 
hernia,  and  its  description  will,  therefore,  be  deferred  until  this 
form  of  hernia  is  considered  in  the  dissection  of  the  thigh. 


DISSECTION    OF   THE  PARTS  CONCERNED  IN 
INGUINAL  HERNIA. 

Dissection.  — The  student  has  now  completed  the  dissection 
on  the  right  side,  and,  having  mastered  the  general  anatomy  of 
this  region,  he  may  pass  on  to  the  special  consideration  of  the 
anatomy  of  inguinal  hernia.  If  the  instructions  before  given 
have  been  duly  observed,  the  left  side  is  available  for  this  pur- 
pose ;  and  although  it  may  be  well  that  the  dissector  (especially 
for  the  first  time)  should  have  the  advantage  of  the  parts  being 
made  clear  by  his  demonstrator,  there  is  no  real  difficulty  in 
making  out  the  different  layers  which  constitute  the  coverings 
of  a  hernia,  or  the  various  parts  through  which  a  hernia  travels. 

It  will  be  remembered  that  on  the  left  side  the  dissection  has 
been  carried  as  far  as  the  exposure  of  the  internal  oblique  and 
cremaster.  An  incision  must  now  be  made  through  the  external 
oblique,  from  a  point  midway  between  the  umbilicus  and  the  os 
pubis,  transversely  outwards  to  the  anterior  superior  iliac  spine, 
and  another  from  the  same  point  downwards  in  the  middle  line 
through  the  linea  alba  as  far  as  the  symphysis  pubis.  When 
this  flap  has  been  turned  downwards,  the  dissector  will  see  that 
it  is  aponeurotic,  and  he  can  take  the  opportunity  of  making 
out  the  external  abdominal  ring  and  the  external  spermatic 
fascia  which  is  prolonged  downwards  from  the  pillars  of  the  ring, 
as  also  the  intercolumnar  bands  which  strengthen  the  upper 
part  of  the  ring. 

The  internal  oblique  now  comes  into  view,  and  its  origin  from 
Poupart's  ligament  must  be  carefully  made  out,  together  with  the 
cremaster  muscle,  which  loops  in  front  of  the  cord,  and  which 
can  be  seen  coming  under  the  arched  fibres  of  this  muscle. 
Next,  the  internal  oblique  should  be  reflected  from  Poupart's 
ligament  and  the  iliac  crest  by  a  transverse  incision  to  the  extent 
of  that  through  the  external  oblique.  The  flap  should  then  be 
reflected  inwards,  care  being  taken  not  to  reflect  with  it  the  sub- 
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jacent  muscle  (transversalis)  ;  this  may  be  prevented  by  looking 
for  a  branch  of  the  deep  circumflex  iliac  artery,  which  runs  along 
the  crest  of  the  ilium  between  these  muscles.  The  turning  back 
of  this  muscle  exposes  the  transversalis,  which  in  its  turn  will  be 
reflected  inwards  in  the  same  manner.  The  inner  parts  of  both 
these  muscles  are  intimately  connected  by  a  common  tendon, 
called  the  conjoijied  tendon,  inserted  in  front  of  the  rectus  into 
the  crest  of  the  os  pubis  and  the  pectineal  line.  Observe  that 
this  tendon  lies  immediately  behind  the  external  abdominal 
ring,  and  that  it  varies  in  thickness  in  different  subjects.  The 
arching  over  of  the  lower  fibres  of  the  internal  oblique  and  trans- 
versalis, so  as  to  form  the  upper  boundary  of  the  inguinal  canal, 
is  now  well  seen. 

Reflect  the  transversalis  exactly  in  the  same  way  as  the  in- 
ternal oblique,  when  the  fascia,  transversalis  comes  into  view, 
presenting  the  funnel-shaped  prolongation  of  fascia  —  infiindi- 
bidiform  —  which  is  continued  over  the  cord  and  testis. 

The  transversalis  fascia  should  now  be  detached  from  the 
subjacent  peritoneum,  in  front  of  which  is  more  or  less  fat  {sub- 
peritoneal), and  turned  down,  when  the  internal  abdominal  ring 
becomes  apparent,  with  its  well-defined  inner  margin. 

During  the  reflection  of  these  successive  muscles,  the  student 
will  have  been  enabled  to  recognize  the  strata  which  are  pro- 
longed from  them  :  viz.,  from  the  external  oblique  is  derived  the 
spermatic  fascia  ;  from  the  internal  oblique  and  transversalis  is 
derived  the  cremasteric  fascia  ;  and  from  the  fascia  transversalis 
is  prolonged  the  transversalis  fascia,  which  here  takes  the  name 
of  the  infnndibuliform  fascia. 

The  extent  and  boundaries  of  the  inguinal  canal  and  the  rela- 
tion of  the  epigastric  artery  to  the  inner  ring  can  now  be  clearly 
defined  ;  and  if  the  dissector  passes  his  little  finger  into  the  in- 
ternal abdominal  ring,  down  the  canal  and  out  through  the 
external  ring,  he  will  easily  see  that  it  carries  before  it  the  three 
strata  previously  described,  which  constitute  not  only  the  cover- 
ings of  the  cord,  but  likewise  the  coverings*  of  an  oblique  in- 
guinal hernia,  when  this  exists. 

Practical  Application.  — The  testis,  originally  formed  in  the 
loins,  passes,  about  the  eighth  month  of  foetal  life,  from  the  ab- 
domen into  the  scrotum,  through  an  oblique  canal  in  the  wall  of 
the  abdomen,  called  the  inguinal  canal,    A  portion  of  peritoneum 

•  In  the  case  of  a  hernia  there  is  necessarily  in  addition  a  covering  of  sub- 
peritoneal fat,  and  of  peritoneum  which  forms  the  sac. 
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is  pouched  out  before  the  descending  testis,  and  constitutes  the' 
tunica  vaginahs  testis.  The  blood-vessels,  nerves,  and  vas 
deferens  are  drawn  down  with  the  testis,  and  constitute  the 
spermatic  cord.  The  inguinal  canal  runs  obliquely  through  the 
abdominal  wall,  that  it  may  the  better  resist  the  protrusion  of 
intestine. 

The  wall  of  the  abdomen,  as  previously  stated,  is  composed  of 
various  strata,  and  the  testis  and  cord  in  their  passage  through 
each  stratum  derive  from  each  a  covering  similar  in  structure  to 
the  stratum  itself.  Of  these  strata  there  are  three :  the  first, 
proceeding  from  within  outwards,  is  the  fascial  stratum  derived 
from  the  fascia  transversalis  ;  the  second  is  the  tn7tscular  stratum 
(cremasteric)  from  the  internal  oblique  and  transversalis  muscles; 
the  third  is  the  aponeurotic  stratum  from  the  external  oblique. 

The  passage  of  the  testis  through  the  lower  part  of  the  abdo- 
minal parietes  (inguinal  canal)  occasions,  at  this  part  of  the 
belly,  a  natural  weakness  which,  associated  with  other  conditions, 
favors  the  protrusion  of  intestine  in  this  situation. 

A  protrusion  of  intestine  through  any  part  of  the  inguinal 
canal  is  called  an  ingiiinal  hernia  :  of  which  two  chief  varieties 
exist,  the  indirect  or  oblique,  and  the  direct ;  the  former  pro- 
truding to  the  outer  side  of  the  deep  epigastric  artery  ;  the  latter 
coming  out  to  the  inner  side  of  the  artery. 

Oblique  Inguinal  Hernia.  —  The  most  common  form  of 
inguinal  hernia  is  that  in  which  a  portion  of  intestine  protrudes 
first  through  the  internal  ring,  then,  traversing  the  inguinal 
canal,  emerges  through  the  external  ring,  and  thence  may 
descend  into  the  scrotum.  This  variety  is  called  an  oblique 
ingidnal  hernia.*  If  the  intestine  stops  within  the  inguinal 
canal,  it  is  called  an  incomplete  ingidnal  hernia  ;  if,  however,  the 
protrusion  has  emerged  through  the  external  ring,  it  is  called 
a  complete  ingidnal  hernia  ;  and,  lastly,  if  it  descends  into  the 
scrotum,  it  is  called  a  scrotal  hernia. 

Coverings  of  an  Oblique  Inguinal  Hernia. — K  complete 
oblique  inguinal  hernia,  passing  as  it  does  through  the  same 
structures  as  the  testis  did  in  foetal  life,  receives  the  same  cov- 
erings as  that  gland  ;  they  are:  — 

1.  The  skin  and  the  siperficial fascia. 

2.  The  intercolumfiar  fascia  derived  from  the  external 
oblique. 

*  A  hernia  is  sometimes  called  external  ox  internal,  according  to  the  relation  of 
the  protnision  to  the  deep  epigastric  artery  :  thus,  an  oblique  inguinal  hernia 
which  first  protrudes  through  the  inner  ring  is  called  2M.  external  hernia,  and  vice 
versd. 
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3.  The  creniaster,  derived  from  the  internal  oblique  and 
transversalis.* 

4.  The  iiifimdibidiform  fascia,  derived  from  the  fascia  trans- 
versalis. 

5.  The  subperitoneal  fat  and  the  peritoneum  which  consti- 
tutes the  sac. 

An  incomplete  oblique  inguinal  hernia  is  covered  by  — 

1.  The  skin  and  superficial  fascia. 

2.  The    aponeurosis  of  the  external  oblique. 

3.  The  cremaster. 

4.  The  infundibuliform  fascia. 

5.  The  subperitoneal  fat  and  "Cao.  peritoneum. 

Direct  Inguinal  Hernia.  —  The  intestine,  however,  does 
not  always  escape  through  the  internal  ring.  Sometimes  it 
protrudes  internal  to  the  deep  epigastric  artery  through  a  trian- 
gular weak  place,  HesselbacJi  s  triangle,  bounded  on  the  inner 
side  by  the  rectus,  on  the  outer  side  by  the  deep  epigastric 
artery,  and  below  by  Poupart's  ligament.  This  space  is  rela- 
tively weak,  having  in  front  of  it  only  the  fascia  transversalis 
and  the  conjoined  tendon  of  the  internal  oblique  and  transver- 
salis ;  moreover,  it  is  situated  immediately  behind  the  external 
abdominal  ring.  A  portion  of  intestine  protruding  through  this 
triangle  comes  directly  forwards  through  the  external  ring,  and 
the  hernia  is  then  called  a  direct  inguinal  Jiernia. 

Coverings  of  a  Direct  Inguinal  Hernia.  —  A  direct  in- 
guinal hernia  protrudes  immediately  on  the  inner  side  of  the 
epigastric  artery  through  the  external  ring ;  and  its  course  for- 
wards is  mainly  prevented  by  the  resistance  of  the  conjoined 
tendon. f     This  hernia  is  covered  by  — 

1.  The  skiji  and  superficial  fascia. 

2.  The  intcrcolumnar fascia.\ 

3.  The  conjoined  tejidon  of  the  internal  oblique  and  transver- 
salis. 

4.  The  fascia  transversalis. 

5.  The  subperitoneal  fat  and  the  peritoneum. 

*  The  cremaster  muscle  is  absent  in  the  female. 

t  In  our  experience  the  weakness  of  the  conjoined  tendon  is,  anatomically 
speaking,  the  determining  cause  of  this  form  of  hernia. 

X  As  the  cremasteric  fascia  or  muscle  is  already  present  outside  the  external 
abdominal  ring,  it  should  be  enumerated  as  one  of  the  coverings  in  direct  hernia 
as  well  as  in  oblique.  —  A.  H. 
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A  direct  hernia,  as  has  been  said,  emerges  through  Hessel- 
bach's  triangle,  and  if  this  triangle  be  viewed  from  its  deeper 
aspect,  it  will  be  seen  that,  usually,  the  obliterated  hypogastric 
artery  corresponds  in  its  course  to  the  deep  epigastric  artery. 
Occasionally,  however,  it  is  placed  further  inwards,  so  that  it 
divides  the  triangle  into  two  smaller  ones,  in  both  of  which 
there  is  a  shallow  pouching  of  peritoneum.  Now,  if  a  direct 
hernia  protrudes  through  the  outer  of  these  two  smaller  trian- 
gles, it  descends  through  the  inguinal  canal,  and  thus  will  have 
all  the  coverings  of  an  ordinary  oblique  inguinal  hernia. 

In  almost  all  cases,  the  immediate  investment  of  the  intestine 
is  the  parietal  layer  of  the  peritoneum.     This  constitutes  the 


Fig.  163. —  Varieties  of  Congenital  Inguinal  Hernia,  Consequent  upon  Some  Defect 

IN  THE  Development  of  the  Spermatic  Portion   of  the  Tunica  Vaginalis.     The 

Arrows  Mark  the  Protrusion. 

I.    Hernia  in  the  tuiuca  vaginalis  testis.     2.    Hernia  in  tlie  funicular  portion  of  the  tunica  vagina- 
lis.    3.   Infantile  hernia.     4.    Encysted  hernia. 

sac  of  the  hernia.  The  opening  of  the  sac,  communicating  with 
the  abdomen,  is  called  its  mouth;  then  comes  the  narrow,  con- 
stricted portion,  or  neck  ;  and  lastly,  the  body,  or  expanded 
part  of  the  sac. 

Congenital  Hernia.  —  Owing  to  the  comparatively  late 
descent  of  the  testis  in  foetal  life,  it  frequently  happens  that 
either  no  closure,  or  only  a  partial  closure,  takes  place  in  the 
vaginal  portion  of  the  tunica  vaginalis.  Under  these  conditions, 
when  a  protrusion  takes  place,  the  intestine  does  not  push  for- 
wards a  sac  derived  from  the  parietal  layer  of  the  peritoneum, 
but  it  lies  in  a  sac  formed  by  the  tunica  vaginalis,  which  still 
communicates  with  the  peritoneal  cavity.  These  hernias  are 
always  oblique,  and  are   termed  congenital.*     There  are   four 

*  The  term  congenital  applied  to  this  form  of  hernia  is  apt  to  suggest  the  idea 
that  it  occurs  at  birth.  But  this  is  not  of  necessity  so.  Although  the  state  of 
parts  favorable  to  its  occurrence  exists  at  birth,  the  hernia  itself  may  not  take 
place  till  many  years  afterwards  —  in  fact,  at  any  period  of  life. 
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varieties,  all  of  which  are  the  result  of,  or  associated  with,  some 
congenital  defect.     They  are  as  follows  :  — 

1.  Hernia  \n  the  tunica  vaginalis  testis. — This  occurs  when  a  protrusion  of 
intestine  takes  place  through  the  narrow  canal  which  persists  between  the  general 
cavity  of  the  peritoneum  and  the  tunica  vaginalis  testis,  in  consequence  of  the 
non-obliteration  of  the  original  communication  between  them.  In  this  case  the 
intestine  surrounds  the  testis,  and  the  sac  is  formed  by  the  tunica  vaginalis  testis 
(Fig.  163,  I). 

2.  Hernia  in  the  fiuiicular  portion  of  the  tunica  vaginalis  occurs  when  an  in- 
complete closure  of  the  tunica  vaginalis  takes  place  immediately  above  the  testis; 
the  canal  above  it  being  still  unclosed  and  communicating  with  the  peritoneal 
cavity.  The  sac  is  formed  by  the  original  pouch  of  the  peritoneum  in  the  descent 
of  the  testis,  although  shut  off  from  the  tunica  vaginalis  testis  by  a  thin  septum 
(Fig.  163,  2). 

3.  Infantile  hernia  is  rare,  and  occurs  when  the  original  peritoneal  canal  is 
occluded  at  the  inner  ring,  so  that  the  tunica  vaginalis  testis  reaches  up  as  high  as 
the  canal,  or  even  as  far  as  the  internal  ring.  The  intestine  in  this  variety  pro- 
trudes a  sac  through  the  inner  ring,  but  behind  this  abnormal  extension  of  the 
tunica  vaginalis;  so  that  in  front  of  the  hernia  there  are  three  layers  of  perito- 
neum: two  formed  by  the  tunica  vaginalis,  the  third  by  the  sac  (Fig.  163,  3). 

4.  Encysted  hernia  is  still  rarer  than  the  preceding,  and  may  occur  in  those 
cases  in  which  the  closing  septum  at  the  internal  ring  is  so  thin  that  an  advancing 
hernia  pushes  before  it  this  thin  stratum  (which  forms  its  sac)  as  a  diverticulum 
into  an  unclosed  tunica  vaginalis  (Fig.  163,  4). 

Position  of  Spermatic  Cord.  — The  spermatic  cord  is  gen- 
erally situated  behind  and  to  the  outer  side  of  a  hernial  sac.  In 
some  cases,  however,  the  hernia  separates  the  constituents  of 
the  cord,  so  that  one  or  the  other  of  these  comes  to  lie  in  front 
of  the  protrusion. 

Seat  of  Stricture The  stricture  may  be   seated  either  at 

the  external  ring,  the  internal  ring,  at  any  intermediate  part 
between  these,  or  at  the  neck  of  the  sac.  Sometimes  there  is 
a  double  stricture,  one  at  the  external  ring,  the  other  at  the 
internal. 

As  stated,  the  stricture  may  be  caused  by  the  neck  of  the  sac, 
independently  of  the  parts  outside  it;  for  the  peritoneum  may 
become  thickened  and  indurated,  and  sufficiently  unyielding  to 
strangulate  the  protruded  intestine.  The  strangulation  in  a 
congenital  hernia  is  nearly  always  caused  by  the  neck  of  the  sac 
itself. 

In  dividing  the  stricture,  the  surgeon  should,  in  all  cases,  ad- 
here to  the  golden  rule  laid  down  by  Sir  Astley  Cooper  — 
namely,  to  divide  it  directly  upwards.  In  this  direction  there  is 
the  least  likelihood  of  wounding  the  deep  epigastric  artery. 

Changes  Produced  by  an  Old  and  Large  Hernia Whoever 

has  the  opportunity  of  dissecting  an  old  hernia  of  some  size,  will 
observe  that  the  obliquity  of  the  inguinal  canal  is  destroyed. 
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The  constant  dragging  of  the  protruded  viscera  upon  the  inner 
margin  of  the  internal  ring  gradually  approximates  the  internal 
ring  to  the  external,  so  that  at  last  the  one  gets  quite  behind 
the  other,  and  there  is  a  direct  opening  into  the  abdomen.  But 
the  position  of  the  deep  epigastric  artery  with  regard  to  the  sac 
remains  unaltered.  It  is  still  on  the  iimer  side  of  the  neck  of 
the  sac. 

In  a  hernia  of  long  standing,  all  its  coverings  undergo  a 
change.  They  become  thickened  and  hypertrophied,  and  so 
altered  from  what  they  once  were  that  they  scarcely  look  like 
the  same  parts. 

Umbilical  Hernia.  —  This  is  a  hernia  which  protrudes 
through  the  umbilical  opening  in  the  middle  line  at  the  umbili- 
cus, and  is  most  commonly  met  with  in  infant  life,  and  in  the 
female  sex  in  advanced  life,  especially  in  obese  subjects.  The 
hernia  is  frequently  large,  and,  in  its  enlargement,  it  increases 
in  an  upward  direction,  so  that  the  aperture,  through  which  it 
comes,  is  not  in  the  centre  of  the  hernia. 

Its  coverings  are  skin,  subcutaneous  fat  and  connective  tissue, 
a  thin  fascia  which  covers  in  the  umbilical  aperture,  fascia  trans- 
versalis,  subperitoneal  fat,  and  peritoneum. 

The  seat  of  strangulation  in  this  variety  of  hernia  is  the 
fibrous  margin  of  the  umbilical  aperture.  This  must  be  divided, 
and,  as  there  are  no  vessels  or  other  structures  of  importance 
near  it,  the  margin  may  be  divided  at  any  part  most  convenient 
to  the  operator.  Owing  to  the  size  which  umbilical  hernise  fre- 
quently attain,  it  is  not  always  easy  to  divide  the  constricting 
margin,  and  great  care  is  needed  to  prevent  the  intestines  being 
injured  during  the  operation. 

Ventral  Hernise. — This  term  is  applied  to  those  forms  of 
hernia  which  protrude  through  the  abdominal  walls  in  situations 
not  included  in  the  inguinal  and  umbilical  varieties.  The  most 
common  variety  is  that  which  comes  through  the  linea  alba, 
usually  above  the  umbilicus.  They  are  small  and  mushroom- 
shaped,  with  narrow  pedicles,  and  are  commonly  irreducible. 
In  some  cases  these  protrusions  are  masses  of  subperitoneal  fat, 
emerging  through  foramina  in  the  linea  alba,  growing  after  they 
protrude ;  so  that  these  are  not  hernise  in  the  strict  sense  of  the 
term.  Ventral  herniae  occasionally  come  through  the  linea 
semilunaris  ;  others  come  through  the  triangular  interval  be- 
tween the  latissimus  dorsi  and  posterior  free  border  of  the  ex- 
ternal oblique  {Petit s  triangle),  and  are  termed  lumbar  hernice. 


WHAT    IS    SEEN    ON    OPENING   THE    ABDOMEN.  445 

There  is,  in  fact,  no  part  of  the  abdominal  walls  through  which 
a  hernia  may  not  protrude.* 

Dissection.  —  Expose  the  contents  of  the  abdomen,  by  an 
incision  from  the  ensiform  cartilage  to  the  os  pubis  a  little  to 
the  left  side  of  the  linea  alba,  so  as  to  preserve  a  ligament,  liga- 
mentum  teres,  which  passes  from  the  umbilicus  to  the  liver,  and 
also  a  cord,  the  umchus,  which  ascends  in  the  middle  line  from 
the  bladder  to  the  umbilicus  ;  then  make  another  incision  trans- 
versely on  a  level  with  the  umbilicus,  and  turn  the  flaps  out- 
wards. 

Urachus.  —  Behind  the  linea  alba,  the  peritoneum  is  raised 
into  a  fold  by  a  fibrous  cord,  passing  from  the  bladder  to  the 
umbilicus  ;  this  is  the  iiracJius,  which  in  foetal  life  is  a  tube  con- 
necting the  bladder  with  the  allantois.  On  either  side  of  the 
urachus  are  two  other  folds,  enclosing  cords  which  ascend 
obliquely  towards  the  umbilicus :  these  are  the  impervious  re- 
mains of  the  Jiypogastric  arteries. 

On  opening  the  cavity  of  the  peritoneum,  there  are  seen,  in 
connection  with  the  fibrous  cords  just  mentioned,  two  fossae  in 
the  neighborhood  of  Poupart's  ligament  —  one  on  the  inner  side, 
the  other  on  the  outer  side  of  the  obliterated  hypogastric  artery. 
The  depth  of  these  fossas  depends  upon  the  tension  of  this  cord  ; 
so  that,  while  sometimes  they  are  scarcely  visible,  at  others  they 
are  deep  and  well-marked.  They  are  of  importance,  since  they 
correspond  with  the  internal  and  external  abdominal  rings ; 
hence,  the  greater  depth  of  one  or  other  hollow  may  determine 
the  locality  of  the  protrusion  of  a  hernia.  Occasionally  the 
deep  epigastric  artery  lies  nearer  the  middle  line  than  it  nor- 
mally does,  so  that  we  may  have  three  pouches  instead  of  two, 
through  either  of  which  a  hernia  may  emerge. 

The  abdominal  cavity  is  seen  to  be  composed  of  two  divisions 
—  an  upper  or  abdomen  proper,  and  a  lower  or  the  pelvis.  It 
is  the  upper  division  that  we  are  about  to  describe. 

Take  now  a  survey  of  the  viscera  before  they  are  disturbed 
from  their  relative  positions. 

What  is  Seer  on  Opening  the  Abdomen.  —  In  the  right 
hypochondrium,  the  right  lobe  of  the  liver  is  seen  projecting 
more  or  less  below  the  cartilages  of  the  ribs,  and  the  fundus  of 

*  It  should  always  be  borne  in  mind,  that,  when  possible  in  all  large  herniae, 
especially  abdominal,  the  patient  should  be  kept  in  dorsal  decubitus  for  at  least 
one  week  before  operative  procedures  are  instituted  as  this  will  decrease  the 
shock  of  the  operation  by  depriving  the  protrusion  of  its  blood,  and  enabling  it  to 
accommodate  itself  to  the  normal  position,  —  A.  H. 
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the  gall-bladder  below  the  edge  of  the  liver,  near  the  end  of  the 
ninth  costal  cartilage.  In  the  left  hypochondrium  is  seen  more 
or  less  of  the  stomach  according  to  its  distention.  Across  the 
umbilical  region  extends  a  broad  fold  of  the  peritoneum  contain- 
ing fat,  the  great  omentum,  which  descends  from  the  lower 
curvature  of  the  stomach,  forming  a  curtain  over  the  convolu- 
tions of  the  small  intestine.  The  breadth  of  this  fold  varies ; 
sometimes  being  so  shrunk  and  crumpled  as  to  be  scarcely  vis- 
ible. The  lower  part  of  the  abdomen  and  part  of  the  pelvis  are 
occupied  by  the  small  intestine.  The  urinary  bladder  is  not 
apparent,  unless  distended  sufficiently  to  rise  out  of  the  pelvis. 
In  the  right  iliac  fossa  is  the  caput  coli,  the  commencement  of 
the  large  intestine  ;  but  the  ascending  part  of  the  large  intes- 
tine in  the  right  lumbar  region,  and  the  descending  part  of  it 
in  the  left,  are  not  visible  unless  distended :  they  lie  contracted 
at  the  back  of  the  abdomen.  Such  are  the  viscera  usually  seen 
on  opening  the  abdomen  ;  but  a  certain  latitude  is  to  be  allowed, 
as  sometimes  more  of  one  organ  is  seen  and  less  of  another,  ac- 
cording as  this  or  that  is  distended  or  hypertrophied.  Much 
also  depends  upon  the  amount  of  pressure  which  the  ribs  have 
undergone  during  life. 

Particular  Position  of  each  Viscus.  The  Stomach. — The 
position  of  each  viscus  should  now  be  examined  separately,  and 
first  that  of  the  stomach. 

The  stomach  is  irregularly  conical  in  shape.  It  is  placed  ob- 
liquely, the  smaller  or  pyloric  end  being  the  lower ;  its  great 
end  is  situated  in  the  left  hypochondrium  ;  its  narrow  or  pyloric 
end  extends  obliquely  across  the  epigastrium  into  the  right  hy- 
pochondrium, where  it  is  overlapped  by  the  liver. 

The  left  or  cardiac  end  is  situated  behind  the  ribs,  and  in 
contact  with  the  concavity  of  the  spleen,  to  which  it  is  con- 
nected by  a  fold  of  peritoneum.  In  front  it  has  the  abdominal 
wall,  above  it  has  the  liver  and  the  diaphragm,  and  below  it  is 
the  transverse  colon ;  the  right  or  pyloric  end  extends  to  the 
gall-bladder,  and  is  in  contact  with  the  under  aspect  of  the  liver, 
where  it  is  continuous  with  the  duodenum  ;  posteriorly,  it  rests 
on  the  pancreas,  the  aorta,  and  the  two  crura  of  the  diaphragm. 
The  stomach  is  connected  with  other  viscera  by  the  following 
peritoneal  folds :  (i)  the  great  omentum,- attached  to  its  lower 
convex  border,  forms  a  curtain  of  fat,  more  or  less  thick,  in 
front  of  the  transverse  colon  and  small  intestines  ;  (2)  the  gas- 
tro-hepatic  or  lesser  omentum,  which  connects  the  lesser  curve 


JEJUNUM    AND    ILEUM  447 

of  the  stomach  with  the  transverse  fissure  of  the  liver ;  and 
(3)  the  gastro-splenic  omentum,  which  connects  the  cardiac  end 
of  the  stomach  with  the  hilum  of  the  spleen.  The  relative  po- 
sition and  size  of  the  stomach  vary  according  to  the  amount  of 
distention :  when  much  distended,  the  anterior  surface,  owing 
to  the  greater  mobility  of  the  great  curve  and  the  pyloric  end  of 
the  stomach,  is  turned  upwards,  and  the  lower  border  forwards.* 

Duodenum.  — The  first  part  of  the  intestinal  canal  is  termed 
mtcstiniim  duodenum,  because  it  is  about  the  breadth  of  twelve 
fingers.  Commencing  at  the  pyloric  end  of  the  stomach,  the 
duodenum  ascends  as  high  as  the  neck  of  the  gall-bladder  ;  then 
turning  downwards  it  passes  in  front  of  the  right  kidney  ;  lastly, 
making  another  bend,  it  crosses  the  spine  obliquely  towards  the 
left  side  of  the  second  lumbar  vertebra.  Here  the  intestinum 
jejunum  begins,  and  this  part  of  the  canal  may  be  seen  by  rais- 
ins: the  transverse  colon.  Thus  the  duodenum  describes  a  kind 
of  horse-shoe  curve,  of  which  the  concavity  is  towards  the  left, 
and  embraces  the  large  end  or  head  of  the  pancreas.  For 
convenience  of  description  the  duodenum  is  divided  into  an  as- 
cending, a  descending,  and  a  transverse  portion.  The  first  is 
completely  surrounded  by  a  peritoneal  covering  ;  the  second  and 
third  are  only  covered  by  peritoneum  in  front,  and  are  fixed  to 
the  back  of  the  abdomen.  The  relative  anatomy  of  the  duode- 
num will  be  more  fully  seen  hereafter. 

Jejunum  and  Ileum. — Pursuing  its  course  from  the  left 
side  of  the  second  lumbar  vertebra,  the  intestinal  canal  forms  a 
number  of  convolutions,  occupying  the  lower  regions  of  the  ab- 
domen, and  which  are  loosely  connected  to  the  spine  by  a  broad 
peritoneal  fold  termed  the  mesentery.  Of  these  convolutions, 
the  upper  two-fifths  constitute  the  intestinum  jejunum ;  the 
lower  three-fifths,  the  intestinum  ileum.  This  is  an  arbitrary 
division.  There  is  no  definite  limit ;  the  character  of  the  bowel 
gradually  changes  —  that  is,  it  becomes  less  vascular,  has  fewer 
folds  of  the  lining  membrane,  and  its  coats  are  therefore  less 
substantial  to  the  feel. 

Commencement  of  Large  Intestine.  —  In  the  right  iliac 
fossa,  the  small  intestine  opens  into  the  left  side  of  the  cascum, 
which  is  easily  recognized  by  its  sacculated  appearance  ;  here 

•  Lesshaft  states  that  the  position  of  the  stomach  is  vertical,  and  that  when 
distended  it  does  not  alter  its  position,  ijut  that  it  is  affected  ecjually  in  all  direc- 
tions. (Za«(rr/,  March  ii,itJ82.)  This  opinion  is  not,  however,  generally  enter- 
tained by  anatomists. 
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the  large  intestine  begins,  and  it  is  guarded  by  the  ileo-csecal 
valve  {Bauhin)  (Fig.  164).  Immediately  below  the  junction  the 
large  intestine  is  expanded  into  a  blind  pouch,  about  two  and  a 
half  inches  {6.J  cm.)  in  length  and  breadth,  called  the  ccecum  or 
caput  coli*  Into  the  back  part  of  this  pouch  opens  a  little 
tube,  closed  at  the  other  end,  called  the  appendix  vermiformis. 
This  tube  varies  from  three  to  six  (7.5  to  II  cm.)  inches  in 
length,!  is  about  as  thick  as  a  large  earthworm,  and  is  either 
coiled  up  behind  the  caecum,  $  or  is  below  it,  having  a  separate 
mesentery  attached  to  the  abdominal  wall  posteriorly,  which 
allows  the  apex  to  be  loose  in  the  abdomen.  It  is  hollow,  and 
its  opening  into  the  caecum  is  usually  guarded  by  a  valve  of 
mucus  membrane. 

The  large  intestine  is  about  four  and  a  half  to  five  feet  {Ij6.8 
to  152.3  cm.)  in  length,  and  in  its  course  it  describes  an  arch 
which  encircles  the  convolutions  of  the  small  intestines.  It  is 
largest  at  its  commencement,  and  lessens  in  size  until  at  the 
upper  part  of  the  rectum  it  becomes  narrowest ;  below  this  it 
again  forms  a  dilatation,  the  anipidla,  just  above  its  termination 
at  the  anus.  It  is  successively  divided  into  caecum,  ascending, 
transverse,  and  descending  colon,  sigmoid  flexure,  and  rectum. 
The  commencement  of  the  large  intestine  is  generally  confined 
by  the  peritoneum  to  the  iliac  fossa,  in  which  it  lies,  being  sepa- 
rated from  the  iliacus  muscle  by  the  iliac  fascia  and  by  more 
or  less  connective  tissue  and  fat.§  Tracing  the  large  intestine 
from  this  point,  it  is  continued  as  the  ascending  colon.  We  find 
it  somewhat  smaller  than  the  caecum,  and  it  ascends  through  the 
right  lumbar  region  in  front  of  the  right  kidney  as  high  as  the 
under  surface  of  the  liver,  where  it  abruptly  makes  a  bend  to 
the  left  side  —  the  hepatic  flexure  of  the  colon  ;  it  then  crosses 
the  umbilical  region  transversely  from  right  to  left,  and  is 
known  as  the  transvose  colon.    Reaching  the  left  hypochondriac 

*  Out  of  seventy- four  cases  observed  by  the  editor  the  colon  occupied  the  iliac 
ventre  in  fifty-six;  occupying  the  ventre  and  extending  into  the  true  pelvis  in 
twelve ;  attached  to  abdominal  viscera  in  two.  (Amer.  Jour.  Med.  Soc.  Aug.  1893.) 
—  A.  H. 

t  Average  length  of  vermiform  appendix  observed  in  73  cases  was  S.gy  cm., 
with  a  maximum  of  ij  cm.,  and  a  minimum  of  2.5  cm.  —  A.  H. 

X  Out  of  71  cases  the  appendix  was  observed  in  the  inner  and  posterior  aspect 
of  the  colon  in  56  ;  on  the  inner  in  8  ;  on  the  posterior  in  6;  and  on  the  inferior 
in  2.  —  A.  H. 

§  But  this  is  not  invariably  so.  The  bowel  is,  in  some  subjects,  connected  to 
the  fossa  by  a  fold  of  peritoneum  or  a  meso-ccccum.  I  have  seen  this  fold  suffi- 
ciently loose  to  allow  the  caput  coli  to  travel  over  to  the  left  iliac  fossa. 
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region,  it  makes  a  sharp  bend  downwards  beneath  the  lower 
border  of  the  spleen,  forming  the  splenic  flcxjire  of  the  colon  ;  * 
thence  it  descends  in  front  of  the  left  kidney, f  through  the  left 
lumbar  region  into  the  left  iliac,  as  the  descending  colon.  In 
the  iliac  fossa  the  intestine,  as  the  sigmoid  flexure,  becomes 
narrow  and  makes  a  curve  like  the  letter  S.J  Lastly,  the  bowel 
enters  the  pelvis  on  the  left  side  of  the  sacrum,  and  here  takes 
the  name  of  rectum.  This  term,  so  far  as  concerns  the  human 
subject,  is  misapplied  ;  the  canal  runs 
anything  but  a  straight  course  through 
the  pelvis,  since  it  curves  to  adapt 
itself  to  the  sacrum. 

Looking  at  the  entire  course  of 
the  colon,  observe  that  it  forms  an 
arch,  of  which  the  concavity  embraces 
the  convolutions  of  the  small  intes- 
tines. 

Let  us  now  see  to  what  extent  the 
small  and  the  large  intestines  are  in- 
vested with  a  peritoneal  coat.  The 
small  intestines,  with  the  exception 
of  the  duodenum,  which  cannot  at 
present  be  examined,  we  shall  find 
are  completely  surrounded  by  perito- 
neum, except  at  their  mesenteric 
border,  along  which  the  vessels  pass 
to  the  bowel ;  the  ccecum  is  covered, 
as  a  rule,  only  in  front  and  on  its 
sides,  the  posterior  surface  being  con- 
nected to  the  iliac  fascia  by  connect- 
ive   tissue  ;     the    ascending  coloji   is 

also  only  covered  on  the  front  aspect  and  sides,  the  posterior 
surface  being  loosely  connected  by  areolar  tissue  to  the  quad- 
ratus  lumborum  and  right  kidney  ;  the  transverse  colon  is  almost 
entirely  surrounded   by  peritoneum,    which   is    reflected    hori- 

*  This  transverse  part  of  the  colon,  in  some  instances,  makes  a  coil  behind 
the  stomach  to  the  diaphragm;  such  a  stat*  of  things,  when  the  bowel  happens  to 
be  distended,  is  apt  to  give  rise  to  symptoms  of  diseased  heart.  See  some  obser- 
vations in  point  by  Dr.  Copland,  in  Loud.  Med.  Gaz.  1847,  vol.  v.  p.  660. 

t  The  contiguity  of  the  ascending  and  descending  colon  to  the  right  and  left 
kidney  respectively,  explains  the  occasional  bursting  of  renal  abscesses  into  the 
intestinal  canal. 

X  It  will  be  noticed  that  this  fold  is  more  owz^^a-shaped,  0,  as  first  pointed  out 
by  Treves,  —  A.  H. 


Fig.  164.  —  Section  through  the 
Junction  of  the  Lakge  and  Small 
Intestine  to  show  the  Ileo- 
CiECAL  Valve  and  Appendix  Ver- 

MIFORMIS. 

I.    Ileum.     2.   Crecum  or  caput  coli. 
3.   Appendix  Vermiformis. 
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zontally  backwards  as  a  broad  double  layer  —  the  transverse 
meso-colon  —  to  the  spine  ;  the  descending  colon,  smaller  than 
the  transverse  colon,  and  more  deeply  situated  than  the  ascend- 
ing colon,  is  only  invested  with  peritoneum  on  its  anterior  and 
inner  surfaces  ;  the  sigmoid flexitre  is  completely  invested  with 
peritoneum,  which  connects  this  part  of  the  bowels  with  a  loose 
fold  to  the  left  iliac  fossa ;  the  recUim  is  completely  surrounded 

by  peritoneum  in  its  upper 
half,  and  is  connected  to  the 
front  of  the  sacrum  by  a 
fold,  the  meso-rectiim ;  the 
lower  half  of  the  rectum,  for 
the  first  three  inches  {y.^ 
cm),  is  only  covered  in  front 
with  peritoneum ;  the  last 
inch  and  a  half  {J. 8  cm.)  has 
no  peritoneal  investment  at- 

Fig.  165. T— Relative  Position  OF  the  Kidneys        p]]  * 
AND  THE  Large  Intestine  seen  from  Behind. 

L.  K.  Left  Kidney,    r.  k.  Right  Kidney,  crossed  Relations   Of    the    LargC 

obliquely  by  the  last  thoracie artery    and  nerve.  IntCStine.  At   prCSCUt    We 

A.  c.  Ascending  colon,    d.c.  Descendmgcolon.  -1^ 

have  only  traced  the  course 
of  the  large  intestine  through  the  different  abdominal  regions, 
but  now  we  are  able  to  see  the  relations  of  the  various  portions 
of  the  bowel. 

The  ccEcuni  rests  in  the  right  iliac  fossa,  separated  from  the 
iliacus  by  the  iliac  fascia  and  connective  tissue  ;  in  front  it  has 
the  anterior  abdominal  wall. 

The  ascending  colon  has  behind  it  the  quadratus  lumborum 
and  right  kidney  ;  in  front,  it  has  the  abdominal  wall  and  small 
intestines ;  above,  it  is  in  contact  with  the  under  aspect  of  the 
liver  to  the  right  of  the  gall-bladder. 

The  transverse  colon  is  concave  posteriorly,  and  has  above, 
the  liver,  gall-bladder,  the  stomach,  and  the  lower  border  of  the 
spleen  ;  behind,  it  has  the  transverse  meso-colon  and  the  third 
part  of  the  duodenum ;  in  front,  it  is  in  contact  with  the  abdo- 
minal wall  and  great  omentum  ;  below,  with  the  small  intestines. 

The  descending  colon,  deeper  situated  than  the  ascending 
colon,  lies  behind,  in  contact  with  the  left  crus  of  the  diaphragm, 

*  It  should  be  recollected,  that  the  ascending  and  descending  colon  are  not  in- 
frequently completely  invested  by  peritoneum,  and  therefore,  viilually  speaking, 
have  a  mesentery.  This  occasional  occurrence  is  important  when  the  operation  of 
right  or  left  lumbar  colotomy  has  to  be  performed. 
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the  left  kidney  and  quadratus  lumborum  ;  in  front,  with  the 
small  intestines,  and  on  its  left  side,  with  the  abdominal  wall. 

The  sigmoid  flexure  is  in  relation  behind  with  the  iliac  fossa, 
the  left  spermatic  artery  and  ureter,  the  left  common  iliac 
vessels  ;  in  front,  with  the  small  intestines  and  abdominal  wall. 

The  relations  of  the  rectum  cannot  at  present  be  satisfactorily 
made  out  ;  the  description  of  them  has  been  deferred  till  the 
dissection  of  the  side  view  of  the  pelvic  viscera. 

Length  of  the  Alimentary  Canal.  —  The  small  intestine, 
including  the  duodenum,  varies  from  sixteen  to  twenty-four  feet 
in  length,  and  the  large  intestine  from  four  and  a  half  to  five 
feet  {136.8  to  152.3  cm.) ;  these  measurements  are  subject  to 
some  variation  according  to  the  height  of  the  subject. 

Situation  of  the  Liver.  —  The  liver  occupies  the  whole  of 
the  right  hypochondrium,  and  extends  over  the  epigastric  region, 
more  or  less,  into  the  left.  Unless  the  individual  be  very  cor- 
pulent we  can  ascertain  during  life  the  extent  to  which  the  liver 
projects  below  the  costal  cartilages,  and  the  general  dimensions 
of  the  organ  may  be  tolerably  well  told  by  percussion.  Its 
anterior  border  is  sharp  and  thin,  and  presents  in  the  epigastric 
region  a  deep  notch  for  the  round  ligament,  and  generally  pro- 
jects a  little  way  below  the  ribs  ;  \^% posterior  border  is  broad 
and  connected  to  the  diaphragm  by  the  coronary  ligament  ;  it  is 
in  relation  behind  with  the  inferior  vena  cava,  the  aorta,  and  the 
crura  of  the  diaphragm.  Its  upper  convex  surface  ascends  as 
high  as  the  fifth  intercostal  space,  is  accurately  adapted  to  the 
arch  of  the  diaphragm,  and  is  divided  into  two  unequal  parts  by 
the  falciform  or  suspensory  ligament ;  its  7tnder  sufface  overlies 
part  of  the  stomach,  and  of  the  duodenum,  the  right  kidney  and 
supra-renal  capsule,  and  the  hepatic  flexure  of  the  colon.  Its  right 
border  is  thick  ;  its  left  is  thin  and  sharp.  To  the  diaphragm 
the  liver  is  connected  by  folds  of  peritoneum,  called  ligaments. 
One  of  these,  nearly  vertical  in  direction,  and  called  the  sus- 
pensory, or,  from  its  shape,  the  falciform  ligament,  is  situated  a 
little  to  the  right  of  the  mesial  line.  The  lower  and  free  edge 
of  it  contains  the  impervious  remains  of  the  umbilical  vein, 
called  the  round  ligament.  The  suspensory  ligament,  traced 
backwards,  leads  to  another  broad  fold  extending  horizontally 
from  the  diaphragm  to  the  posterior  border  of  the  liver ;  this 
constitutes  the  lateral  ligament,  right  or  left,  according  as  we 
trace  it  on  one  or  the  other  side  of  the  falciform  ligament. 

The  junction  of  the  lateral  and  falciform  ligaments  is  de- 
scribed by  some  authors  as  the  coronary  ligament. 


452  SITUATION    OF    THE    SPLEEN. 

Situation  of  the  Gall-bladder. — The  gall-bladder  is  the 
reservoir  for  the  bile,  and  is  closely  confined  by  the  peritoneum 
in  a  slight  depression  on  the  under  surface  of  the  right  lobe  of 
the  liver,  to  which  it  is  connected  by  areolar  tissue  ;  occasion- 
ally the  gall-bladder  is  completely  surrounded  by  peritoneum. 
It  is  pyriform  in  shape,  and  its  broad  end  or  fundus,  covered 
with  peritoneum,  projects  beneath  the  anterior  border  of  the 
liver  opposite  the  ninth  costal  cartilage.  It  measures  three  to 
four  inches  (7.5  to  10  cm)  in  length,  is  an  inch  and  a  half  {J.8 
cm.)  broad,  and  contains  from  eight  to  twelve  drachms  {J2  to 
48  c.  r.).  The  neck  is  inclined  upwards  and  towards  the  left, 
and  is  firmly  connected  to  the  liver  by  areolar  tissue.  The  gall- 
bladder is  in  relation  above  with  the  liver  and  small  blood-vessels  ; 
below,  with  the  transverse  colon  and  with  the  first  portion  of 
the  duodenum  ;  its  neck  is  curved  upon  itself  like  the  letter  S, 
and  bending  downwards  terminates  in  the  cystic  duct.  It  some- 
times happens  that  the  gall-bladder,  in  consequence  of  some  ob- 
struction to  its  duct,  becomes  unusually  distended,  and  occasions 
a  swelling  below  the  margin  of  the  ribs,  which  might  be 
mistaken  for  a  hepatic  abscess.  The  close  proximity  of  the  gall- 
bladder to  the  duodenum  and  the  transverse  colon  explains  the 
occasional  evacuation  of  gall-stones  by  ulceration  into  the  intes- 
tinal canal. 

Situation  of  the  Spleen.  —  The  spleen  is  the  dark,  purple- 
gray,  flattened  organ  deeply  situated  in  the  left  hypochondrium, 
between  the  stomach  and  the  ninth,  tenth,  and  eleventh  ribs.  It 
is  placed  nearly  vertically ;  its  outer  surface  is  smooth  and  con- 
vex, to  correspond  with  the  diaphragm  and  ribs  ;  its  inner  surface, 
where  its  great  vessels  enter,  is  concave,  and  connected  to  the 
great  end  of  the  stomach  by  a  broad  peritoneal  fold,  called  the 
gastro-splenic  omentum.  Its  exteimal  surface  is  in  relation  with 
the  diaphragm  which  separates  the  organ  from  the  ninth,  tenth, 
and  eleventh  ribs;  its  internal  sitrface  is  concave,  and  presents  a 
vertical  fissure  —  the  hilum  —  situated  nearer  the  posterior  than 
the  anterior  border  ;  it  is  at  this  fissure  that  the  two  layers  of 
peritoneum  are  reflected  from  the  stomach  to  the  spleen,  and 
the  splenic  vessels  enter  and  emerge;  it  is  in  relation  with  the 
cardiac  end  of  the  stomach,  the  tail  of  the  pancreas,  the  left 
supra-renal  capsule,  and  the  left  crus  of  the  diaphragm  ;  the  upper 
border  is  rounded,  and  is  connected  to  the  diaphragm  by  a  fold 
of  peritoneum  —  the  suspensory  ligament ;  the  lower  border  is 
in  contact  with  the  splenic  flexure  of  the  colon  ;  the  posterior 
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border  IS,  thick,  and  is  connected  with  the  left  kidney  by  areolar 
tissue  ;  the  atitcj-ior  margin  *  usually  presents  a  more  or  less 
deep  notch.  Its  hilum  is  connected  with  the  cardiac  end  of  the 
stomach  by  a  fold  of  peritoneum  —  the  gastro-splenic  omentum  ; 
and  with  the  under  surface  of  the  diaphragm  by  a  small  perito- 
neal fold  —  the  suspensory  ligament. \ 

Situation  of  the  Pancreas. — This  is  the  large  salivary 
gland  of  the  abdomen.  It  is  placed  transversely  across  the  back 
of  the  abdomen,  in  front  of  the  spine,  about  the  level  of  the  first 
lumbar  vertebra.  It  is  about  seven  inches  {IJ-S  cm.)  in  length, 
and  an  inch  and  a  half  ( J.^  cm)  in  breadth.  Its  right  end  or  head 
is  contained  within  the  curve  of  the  duodenum  ;  its  left  end,  or 
tail,  extends  as  far  as  the  spleen.  The  further  connections  and 
relations  of  the  pancreas  cannot  at  this  stage  of  the  dissection 
be  satisfactorily  seen. 

Situation  of  the  Kidneys. — The  kidneys  are  two  large 
excretory  glands,  situated  at  the  back  of  the  abdomen  post 
peritoneal  in  each  lumbar  region,  nearly  opposite  the  two  last 
thoracic  and  the  two  upper  lumbar  vertebrae  —  the  right,  owing 
to  the  size  of  the  liver,  being  a  little  lower  than  the  left.  They 
lie ,  imbedded  in  fat,  which  maintains  them  in  their  proper 
position.  Behind,  they  rest  on  the  crus  of  the  diaphragm,  on 
thequadratuslumborum  and  psoas,  separated  by  the  aponeurosis 
of  the  transversalis ;  \n  front,  the  right  kidney  is  in  relation 
with  the  peritoneum,  the  right  lobe  of  the  liver,  the  second  part 
of  the  duodenum,  and  the  ascending  colon  :  the  left  kidney  is  in 
contact  with  the  peritoneum,  the  cardiac  end  of  the  stomach, 
the  spleen,  the  end  of  the  pancreas,  and  the  descending  colon  ; 
externally,  It  is  coavex,and  in  contact  with  the  abdominal  parietes; 
internally,  it  is  concave,  and  presente  a  deep  hollow  —  the  hilum, 
from  which  pass  the  ureter  and  large  vessels  ;  above,  it  is  in  re- 
lation with  the  supra-renal  capsule  ;  belozv,  it  extends  nearly  as 
low  as  the  crest  of  the  ilium. 

Situation  of  the  Supra-renal  Capsules. — These  are  two 
ductless  glands,  situated  at  the  top  of  the  kidneys  and  behind 
the  peritoneum.  The  right  one  is  triangular;  the  left,  oval 
and  almond-shaped.  The  right  supra-renal  capsule  is  in  rela- 
tion in  front  with  the  under  aspect  of  the  liver;  the  left,  with 

*  This  margin  is  parallel  to  a  line  drawn  from  the  left  sterno-clavicular  articula- 
tion to  the  ventral  extremity  of  la';t  rib.  —  A.  II. 

t  We  find  occa-sionally  in  the  gastj-o-splenic  omentum  one  or  more  small  spleens 
in  addition  to  the  large  one. 
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the  pancreas  and  spleen  ;  behind,  it  rests  on  the  crus  of  the 
diaphragm  ;  the  iipper  boj'der  is  convex  and  thin  ;  the  lower 
border  is  concave,  and  rests  on  the  kidney  ;  the  inner  border  is 
in  relation  with  the  semilunar  ganglion  and  splanchnic  nerves, 
and  with  the  vena  cava  on  the  right  side,  and  with  the  aorta  on 
the  left  side.  The  anterior  surface  is  slightly  indented,  from 
which  the  supra-renal  vein  passes  out  to  join  on  the  right  side 
the  inferior  vena  cava,  and  on  the  left  side  the  left  renal  vein. 

Peritoneum.  —  A  certain  range  of  motion  being  necessary 
to  the  abdominal  viscera,  they  are  provided  with  a  serous  mem- 
brane, called  t\\Q  pej'itofieum.  This  membrane,  like  other  serous 
membranes,  is  a  closed  sac,  one  part  of  which  lines  the  contain- 
ing cavity,  the  other  is  reflected  over  the  contained  viscera. 
These  are  respectively  termed  the  parietal  and  the  visceral 
layers.  In  the  female,  however,  it  is  not,  strictly  speaking,  a 
closed  sac,  since  it  communicates  with  the  cavity  of  the  uterus 
through  the  Fallopian  tubes.  The  internal  surface  of  the  peri- 
toneum is  smooth  and  polished,  and  lined  by  squamous  endothe- 
lium ;  the  external  surface  —  the  snb-peiitoneal  tissue  —  is  com- 
posed of  areolar  tissue,  which  connects  the  internal  layer  to  the 
invested  viscus  or  abdominal  parietes.  There  is  nothing  be- 
tween the  parietal  and  the  visceral  layers  —  in  other  words,  in- 
side the  sac  —  but  just  sufficient  moisture  to  lubricate  its 
smooth  and  polished  surface.  The  viscera  are  all,  more  or  less, 
outside  the  sac;  some  lie  altogether  behind  it,  as  the  pancreas, 
kidneys,  and  supra-renal  capsules ;  others,  as  the  lower  parts  of 
the  duodenum,  caecum,  ascending  and  descending  colon,  are 
only  partially  covered  by  it ;  while  others,  as  the  stomach,  liver, 
jejunum,  ileum,  and  some  parts  of  the  large  intestine,  are  com- 
pletely invested  by  it  ;  these  latter  push  the  visceral  layer  before 
them,  and  so  give  rise  to  membranous  folds ;  the  larger  the 
fold,  the  freer  is  the  mobility  of  the  viscus  which  occasions  it. 

To  understand  the  peritoneum  some  knowledge  of  its  forma- 
tion and  growth  is  necessary.  This  primitive  serous  membrane 
has  two  layers,  a  parietal  lining  the  inside  of  the  somatopleure, 
and  a  visceral,  the  mesentery,  covering  the  outside  of  the 
splanchnopleure ;  consequently  in  a  plane  section  these  layers 
are  continuous.  It  follows,  therefore,  that  as  the  splanch- 
nopleure becomes  complex  by  its  increase  in  length  and  out- 
growths, so  the  visceral  layer  of  the  serous  membrane  must 
be  complicated  also. 

The  primitive  alimentary  canal  is  held  to  the  vertebral  column 
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by  a  dorsal  mesentery  and  a  ventral  mesentery  above  the  um- 
bilicus. The  liver  developed  in  this  ventral  fold  is  an  offshoot 
from  the  alimentary  tube.  This  fold  forms  the  suspensory, 
lateral  and  coronary  ligaments  and  the  gastro-hepatic  omentum. 
By  the  rotation  of  the  stomach  on  its  vertical  axis  and  the  turn- 
ing of  the  large  bowel  over  the  small  intestines,  —  i.e.,  the 
change  of  the  caput-coli  from  left  to  right,  and  the  small  bowel 
to  a  place  encircled  by  the  large,  —  the  great  curve  of  the 
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Fig.  i66.  —  Diagram  op  the  Primitive 
Alimentary  Canal  (Morris). 


Fig.  167.  —  Diagram  to  show 
the  Rotation  of  the  In- 
testinal Canal  (Morris). 


Stomach  becomes  ventrally  placed,  and  the  traction  of  the 
growth  of  the  peritoneum  deprives  the  duodenum  of  its  cover- 
ing on  its  dorsal  and  lateral  walls,  thereby  forming  the  mesen- 
teries of  the  small  and  large  bowels.  The  formation  of  the 
omentum  is  accomplished  by  the  stretching  of  the  dorsal  fold 
of  mesogastium  in  the  act  of  rotation. 

The  term  omcmtum  is  applied  to  peritoneal  connections 
passing  to  other  visceral  from  the  stomach,  i.e.,  gastro-hepatic, 
gastro-splenic.  Mesentery  is  aplied  to  peritoneal  connections 
passing  from  the  intestinal  tube,  small  or  large  intestines,  to 
the  abdominal  wall ;  i.e.,  mesentery  proper  for  the  small  bowel, 
meso-colon,  etc. 
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Ligament  is  applied  to  peritoneal  folds  connecting  viscera, 
not  directly  connected  with  the  intestinal  tube,  i.e.,  of  the  liver, 
spleen,  bladder,  and  uterus.     (A.  H.) 

Course  of  the  Peritoneum.  — Now  trace  the  peritoneum  as 
a  continuous  membrane.    Since  the  peritoneum  is  a  perfect  sac, 

it  matters  not  where  we  begin  ; 
we  must  come  back  to  the  start- 
ing-point. 

If  a  longitudinal  section  be 
made  through  the  viscera  in  the 
middle  of  the  body,  one  can 
trace  the  peritoneum  thus  — 
beginning  at  the  diaphragm, 
and  taking,  for  brevity's  sake, 
two  layers  at  a  time  (Fig.  i68). 
From  the  diaphragm  two 
layers  of  peritoneum  proceed  to 
the  liver,  forming  its  lateral 
ligaments ;  they  separate  to  en- 
close the  liver,  meet  again  on  its 
under  aspect,  and  pass  on  under 
the  name  of  the  gastro-hepatic 
omentum,  to  the  small  curve  of 
the  stomach.  Separating  here, 
they  embrace  the  stomach,  and, 
meeting  again  at  its  greater 
curve,  pass  down  like  a  curtain 
over  the  small  intestine  to  form 
the  great  omentum.  At  the 
lower  margin  of  the  great  omen- 
tum they  are  reflected  upwards 
(so  that  the  great  omentum  con- 
sists of  four  layers)  to  the  front 
of  the  transverse  colon,  which 
they  enclose,  and,  after  joining  again  at  the  back  of  the  colon, 
proceed  to  the  spine,  forming  the  transverse  meso-colon.  At 
this  situation  the  two  layers  diverge,  the  upper  one  ascends 
in  front  of  the  pancreas,  and  the  crura  of  the  diaphragm  to  its 
under  surface,  at  which  point  we  started.* 

*  In  fcetal  life,  the  ascending  layers  of  tlie  great  omentum  may  be  traced  back 
to  the  spine  near  the  pancreas  ;  and  here  the  layers  diverge  from  each  other.  The 
upper  layer  ascends  in  front  of  the  pancreas  to  the  diaphragm ;  the  lower  layer 
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The  peritoneum  passes  from  the  under  surface  of  the  right 
lobe  of  the  hver  to  the  kidney,  forming  a  shght  fold  —  the 
hepato-renal  fold ;  on  the  left  side,  where  the  peritoneum  ex- 
tends from  the  diaphragm  to  the  cardiac  end  of  the  stomach,  it 
passes  as  a  slight  duplicature,  forming  the  gastro-phreiiic  liga- 
tnent ;  an  extension  of  this  is  seen  passing  as  a  distinct  fold  — 
the  costo-colic  ligament  —  from  the  diaphragm  to  the  splenic 
flexure  of  the  colon. 

The  lower  layer  is  reflected  from  the  spine  over  the  small 
intestine,  back  again  to  the  spine,  to  form  the  mesentery.  From 
the  root  of  the  mesentery  it  descends  into  the  pelvis,  and  in- 
vests the  upper  two-thirds  of  the  rectum.  From  the  rectum,  in 
the  male,  it  is  reflected  to  the  posterior  part  of  the  bladder, 
forming  the  recto-vesical poucJi,  and  thence  to  the  wall  of  the  ab- 
domen, along  which  it  can  be  traced  up  to  the  diaphragm.  In 
the  female,  it  is  reflected  from  the  rectum  onto  the  posterior  wall 
of  the  vagina  half  an  inch  (/J  mm.)  from  the  uterine  extremity, 
constituting  the  recto-vaginal  pouch  {Douglas's  pouch),  and 
thence  over  all  the  back,  but  only  about  half-way  down  the 
front  of  the  uterus,  to  the  posterior  wall  of  the  bladder ;  after 
which  its  reflections  are  the  same  as  in  the  male.* 

Such  is  the  course  of  the  peritoneum  as  seen  in  a  longitudinal 
section,  but  there  are  lateral  reflections  which  cannot  be  seen 
except  in  a  transverse  section  :  thus,  from  the  great  end  of  the 
stomach,  two  layers  proceed  to  the  spleen,  forming  the  gastro- 
splcfiic  omentum  ;  from  the  transverse  meso-colon,  it  is  reflected 
on  either  side  over  the  ascending  and  descending  colon. 

The  structures  completely  invested  with  peritoneum  are,  the 
stomach,  liver,  first  part  of  the  duodenum,  the  jejunum  and 
ileum,  the  transverse  colon,  sigmoid  flexure,  upper  part  of  rec- 
tum, spleen,  uterus,  and  ovaries. 

The  following  parts  of  the  alimentary  canal  are  or\\y  partially 
covered  by  peritoneum  :  namely,  the  descending  and  transverse 
portions  of  the  duodenum,  the  ca:cum,  the  ascending  and  de- 
scending colon  (with  exceptional  cases),  the  middle  part  of  the 
rectum,  the  upper  part  of  the  vagina,  and  the  hinder  wall  of 
the  bladder. 

proceeds  over  the  arch  of  the  colon,  and  then  back  to  the  spine,  thus  forming  the 
trarisverse  meso-tolon.  Its  reflections  afterwards  are  the  same  as  in  the  adult. 
As  the  foetus  grows,  the  great  omentum  becomes  adherent  to  the  arch  of  the 
colon. 

•  For  a  detailed  description  of  the  development  of  the  great  omentum  and  the 
transverse  mesocolon,  see  a  paper  by  C.  \'i.  Lockwood,  Journal  of  Anatomy  and 
Physiology,  vol.  xviii. 
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The  viscera  uncovered  by  peritoneum  are,  the  lower  part  of 
the  rectum,  the  anterior  and  the  lower  part  of  the  posterior  wall 
of  the  vagina,  the  anterior  and  part  of  the  posterior  wall  of  the 
bladder. 

Anatomists  speak  of  the  lesser  cavity  of  the  peritoneum,  as  dis- 
tinguished from  the  greater.  This  lesser  cavity,  or  cavity  of 
the gi'eat  omentum,  is  situated  behind  the  stomach  and  the  de- 
scending layers  of  the  great  omentum.  If  air  be  blown  through 
the  foramen  of  Winslow  (which  is  the  constricted  communica- 
tion between  the  greater  and  lesser  cavities  of  the  peritoneum), 
the  lesser  cavity  becomes  distended.  It  is  bounded  in  front  by 
the  lesser  omentum,  the  stomach,  and  the  descending  layers  of 
the  great  omentum ;  behind,  by  the  ascending  layers  of  the 
great  omentum,  the  colon,  the  upper  layer  of  the  transverse 
meso-colon  and  its  ascending  layer ;  above,  by  the  liver ;  below, 
by  the  turn  of  the  great  omentum. 

Foramen  of  Winslow.  —  This  foramen  is  the  narrow  circu- 
lar opening  between  the  greater  and  lesser  cavities  of  the  peri- 
toneum, through  which  the  two  cavities  communicate.  It  is 
situated  behind  the  right  edge  of  the  gastro-hepatic  or  lesser 
omentum.  By  passing  your  finger  into  it,  you  will  find  the 
foramen  bounded  above,  by  the  lobulus  Spigelii  or  caudatus  of 
the  liver  ;  belozv,  by  the  commencement  of  the  duodenum  and 
by  the  curving  forwards  of  the  hepatic  artery;  in froiit,  by  the 
gastro-hepatic  omentum,  enclosing  the  hepatic  artery  and  duct 
and  the  vena  portae ;  and  behind,  by  the  vena  cava  inferior. 

Mesentery. — This  is  the  fold  which  suspends  the  small  in- 
testine from  the  back  of  the  abdomen.  To  see  it,  raise  the 
great  omentum  and  the  transverse  arch  of  the  colon.  Its  at- 
tached part  or  root  is  about  six  inches  {l^  cm.)  in  length,  and 
extends  from  the  left  side  of  the  second  lumbar  vertebra  ob- 
liquely across  the  spine  to  the  right  sacro-iliac  symphysis.  The 
loose  part  of  the  mesentery  is  very  broad,  and  curves  like  a 
ruffle,  enclosing  the  small  intestine  from  the  beginning  of  the 
jejunum  to  the  end  of  the  ileum.  Its  shape  resembles  an  open 
fan,  and  its  length  from  the  vertebral  column  to  its  attachment 
to  the  intestine  is  about  four  inches  {10  cm).  Above,  it  is  con- 
nected with  the  under  surface  of  the  transverse  meso-colon  ; 
below,  with  that  part  of  the  peritoneum  which  lines  the  inner 
part  of  the  caecum  and  ascending  colon.  We  must  trace  be- 
tween its  two  layers  the  mesenteric  vessels,  nerves,  glands,  and 
lymphatics. 
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Transverse  Meso-colon.  —  This  broad  fold  connects  the 
transverse  colon  to  the  back  of  the  abdomen,  and  between  its 
layers  the  vessels  pass  to  and  from  this  portion  of  the  larger 
gut.  It  forms  an  imperfect  partition  dividing  the  abdomen  into 
an  upper  compartment,  containing  the  stomach,  liver,  and 
spleen  ;  and  a  lower,  containing  the  convolutions  of  the  small 
intestines. 

Ascending  and  Descending  Meso-colon. — As  regards 
the  caecum,  and  the  ascending  and  descending  portions  of  the 
colon,  they  are,  as  a  general  rule,  bound  down  by  the  peritoneum 
in  their  respective  situations.  The  peritoneum  covers  only 
two-thirds  or  thereabouts  of  their  anterior  surface ;  their 
posterior  surface  is  connected  by  loose  cellular  tissue  to  the 
back  of  the  abdomen.  The  colon,  ascending  or  descending, 
can  therefore  be  opened  in  the  lumbar  region,  below  the  kidney, 
without  injury  to  the  peritoneum  :  a  fact  upon  which  is  founded 
the  operation  of  colotomy  for  the  relief  of  stricture  of  the  rectum. 
In  some  cases,  the  ascending  and  descending  colon  (more  com- 
monly the  latter)  are  completely  surrounded  by  peritoneum  and 
connected  to  the  lumbar  regions,  respectively,  by  a  right  and  a 
left  lumbar  meso-colon. 

Sigmoid  Meso-colon. — The  sigmoid  flexure  is,  as  a  rule, 
completely  invested  by  peritoneum,  which  passes  as  a  thin  fold 
to  the  iliac  fossa,  allowing  a  considerable  amount  of  movement 
of  this  part  of  the  intestine.* 

Meso-rectum.  — The  upper  third  of  the  rectum  is  also  sur- 
rounded by  peritoneum,  which  passes  to  the  sacrum  and  thus 
retains  it  in  position.  The  haemorrhoidal  vessels  pass  between 
its  layers. 

Great  Omentum. — This  broad  peritoneal  fold,  known  also 
as  the  gastro-colic  omentum,  is  composed  of  four  layers,  and  pro- 
ceeds as  a  double  layer  from  the  lower  border  of  the  stomach, 
as  far  as  the  pelvis,  where  these  two  layers  ascend  to  enclose 
the  transverse  colon.  It  lies  like  a  curtain  over  the  convolu- 
tions of  the  small  intestines,  and  we  find  it  in  some  bodies  ex- 
tending low  into  the  pelvis  ;  in  others,  small  and  crumpled  up, 
usually  in  the  left  hypochondrium.  Its  thickness  varies  consid- 
erably :  in  thin  subjects  it  is  often  translucent ;  in  corpulent 
persons,  on  the  other  hand,  it  is  loaded  with  fat,  and  contributes 
in  great  measure  to  the  size  of  the  abdomen. 

*  The  length  of  this  mesentery  enables  the  now  more  preferable  inguinal  arti- 
ficial anus  to  be  made  in  disea.se  of  the  rectum.  — A.  H. 
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Gastro-hepatic  or  Lesser  Omentum,  —This  double  fold 
passes  from  the  transverse  fissure  on  the  under  surface  of  the 
liver  to  the  upper  curve  of  the  stomach.  It  is  composed  of  two 
layers,  and  between  them  are  the  portal  vein  and  hepatic  ar- 
tery, with  the  nerves  going  to  the  liver,  and  the  hepatic  duct 
and  lymphatics  coming  from  it.  The  right  border  of  this  fold 
is  free,  and  forms  the  anterior  rounded  margin  of  a  constriction, 
called  the  foranieii  of  Winslow,  which  leads  into  the  lesser  cav- 
ity of  the  peritoneum  ;  its  left  border  passes  on  to  the  oesopha- 
gus. In  this  fold  the  common  bile  duct  lies  to  the  right,  the 
hepatic  artery  to  the  left,  and  the  vena  portae  behind  and  be- 
tween them.  If  now  the  finger  be  introduced  behind  the  right 
border,  it  passes  through  the  foramen  of  Winslow  into  the  lesser 
cavity  of  the  peritoneum. 

Gastro-splenic  Omentum. — This  fold  proceeds  from  the 
great  end  of  the  stomach  to  the  spleen,  and  is  continuous  below 
with  the  great  omentum.  It  contains  between  its  layers  the 
branches,  vasa  brevia,  which  proceed  from  the  splenic  artery  to 
the  great  end  of  the  stomach. 

Ligaments.  —  The  reflections  of  the  peritoneum  from  the 
abdominal  walls  to  the  liver,  the  spleen,  the  bladder,  and  uterus, 
and  constituting  their  ligaments,  have  been,  or  will  be,  described 
with  the  respective  viscera. 

Before  removing  any  portion  of  the  anterior  fold  of  the  peri- 
toneum it  is  necessary  to  call  attention  to  several  pouches 
formed  in  its  development,  which  may  become  the  seat  of  intra- 
abdominal herniae.  They  are  named  from  their  position  (i)  fossa 
duodeno-jejunalis ;  (2)  the  fossa  subcaecalis;  and  (3)  the  fossa 
intersigmoidea. 

I.  The  fossa  diiodeno-jejimalis  may  be  seen  by  elevating  the 
stomach  with  the  omentum  attached  to  its  greater  curvature, 
and  the  transverse  colon,  and  turning  the  coils  of  the  small  in- 
testines to  the  right.  The  fossa  is  situated  to  the  left  of  the 
terminal  portion  of  the  duodenum,  passing  to  the  abdominal 
wall.  Its  entrance  is  bounded  by  a  free  semilunar  fold  {duo- 
deno-jejunal),  forming  a  pouch  in  front  and  to  the  left  of  the 
vertebrae.  According  to  Treves  this  fold  is  found  in  fifty  per 
cent  of  all  cases.  This  fossa  may  become  distended  and  a  large 
portion  of  the  jejunum  may  be  lodged  therein.  2.  The  fossa 
siibc(zcalis  may  be  seen  by  drawing  the  caecum  forwards  and  to 
the  right.  It  is  formed  by  two  folds  of  peritoneum,  the  supe- 
rior from  the  lateral  and  dorsal  wall  of  the  caecum  above  the 
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iliocaecal  valve,  and  the  inferior  from  the  lowest  portion  of  the 
ilio-caecal  junction  terminating  on  the  ilium.  The  superior  fold 
ending  on  the  iliac  fossa.  3.  ThQ  fossa  intersigmoidea  may  be 
seen  by  elevating  the  sigmoid  loop  of  the  large  bowel,  and  ac- 
cording to  Henle,  the  orifice  lies  over  the  interval  between  the 
psoas  and  iliacus  muscles.  This  is  a  very  rare  occurrence,  but 
may  explain  the  meso-colic  hernia  of  Cooper,  which  depends 
upon  the  prominence  of  the  inferior  mesenteric  artery  in  this 
position  of  the  peritoneum.      (A.  H.) 

Branches  of  the  Abdominal  Aorta.  —  Our  next  object 
should  be  the  examination  of  the  arteries  which  supply  the  vis- 
cera. The  abdominal  aorta  enters  the  abdomen  between  the 
pillars  of  the  diaphragm  in  front  of  the  last  thoracic  vertebra, 
and  then,  descending  a  little  to  the  left  of  the  spine,  divides  on 
the  body  of  the  fourth  lumbar  vertebra,  a  little  to  the  left  of  the 
middle  line  into  the  two  common  iliac  arteries.  The  relations 
of  the  aorta  cannot  at  present  be  sufficiently  made  out,  so  that 
this  will  be  described  later  on.  In  its  course  it  gives  off  its 
branches  in  the  following  order  (Fig.  169)  :  — 

1.  T\\Q phrenic,  for  the  supply  of  the  diaphragm. 

2.  The  cceliac  axis,  a  short,  thick  trunk,  which  immediately 
subdivides  into  three  branches  for  the  supply  of  the  stomach, 
the  liver,  and  the  spleen. 

3.  The  superior  mesenteric,  for  the  supply  of  all  the  small 
intestines  and  the  upper  half  of  the  large. 

4.  5.    The  supra-renal  and  the  renal  arteries. 

6.  The  spermatic,  for  the  testicles  ;  the  ovarian,  for  the 
ovaries. 

7.  The  inferior  mesenteric,  for  the  supply  of  the  lower  half 
of  the  large  intestine. 

8.  The  lumbar,  four  branches  analogous  to  the  intercostals, 
for  the  supply  of  the  back  part  of  the  abdomen. 

9.  The  arteria  sacra  media,  which  is  given  off  at  the  bifurca- 
tion of  the  aorta,  supplies  the  fifth  lumbar  artery,  and,  running 
down  in  front  of  the  sacrum,  supplies  the  rectum  and  other 
structures. 

By  some  anatomists  the  branches  are  arranged  in  two  classes 
—  those  destined  to  supply  the  viscera,  and  those  to  supply 
the  abdominal  parietes :  the  former  are  the  coeliac  axis, 
supra-renal,  renal,  spermatic,  superior  and  inferior  mesenteric 
arteries  ;  the  latter  are  the  phrenic,  the  lumbar,  and  sacra  media 
arteries. 
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Dissection.  —  These  branches  are  to  be  traced  throughout 
in  the  following  order.  Take  the  coeliac  axis  first.  To  dissect 
this  artery  and  its  branches,  the  liver  must  be  well  raised  and 
the  stomach  drawn  down,  as  in  Fig.  170,  and  the  anterior  layer 
of  peritoneum  removed  from  the  gastro-hepatic  omentum.  A 
close  net  work  of  very  tough  tissue  surrounds  the  visceral  branches 
of  the  aorta.  This  tissue  consists  almost 
entirely  of  plexuses  of  nerves,  derived  from 
the  sympathetic  system,  each  plexus 
taking  the  name  of  the  artery  which  it 
surrounds.  Of  these  plexuses,  the  largest 
surrounds  the  coeliac  axis  like  a  ring. 
This  is  the  solar  plexus,  and  is  formed- 
by  the  junction  of  the  two  semi-lunar 
ganglia  (Fig.  "j^^,  p.  205).  From  this,  as 
from  a  root,  other  secondary  plexuses 
branch  off,  and  surround  the  following 
arteries  —  the  phrenic,  coronary,  hepatic, 
splenic,  superior  mesenteric,  inferior  me- 
senteric, and  renal,  the  plexuses  receiving 
the  names  of  the  arteries  around  which 
they  twine.  It  requires  a  lean  subject 
and  much  patience  to  trace  them. 

Coeliac  Axis  and  its  Branches. —  The 
cceliac  axis  arises  from  the  front  of  the 
aorta,  between  the  pillars  of  the  dia- 
phragm, immediately  above  the  upper 
border  of  the  pancreas,  to  the  left  of  the 
lobulus  Spigelii,  to  the  right  of  the  car- 
diac end  of  the  stomach,  and  having  the 
semilunar  ganglia  on  each  side.  It  is 
a  short,  thick  trunk  which  runs  between 
the  two  layers  of  the  lesser  omentum,  and,  after  a  course  of 
about  half  an  inch  (IJmm.),  divides  into  three  branches,  the 
hepatic  running  to  the  right,  the  splenic  to  the  left,  and  the 
coronaria  ventriculi  upwards  and  to  the  left  side. 

The  following  is  the  plan  of  the  coeliac  axis  and  its  branches : 

'  Coronaria  ven-  j  oesophageal. 


Fig.  169  —  Branches  or  the 
Abdominal  Aorta. 

1.  Phrenic.  2.  Cceliac  axis. 
3.  Superior  mesenteric.  4. 
Supra-renal.  5.  Renal.  6. 
Spermatic.  7.  Inferior  me- 
senteric. 8.  Lumbar.  9. 
Sacra  media. 


Cceliac  Axis.  - 


triculi 


Hepatic 


Splenic , 


\  gastric. 

(  pyloric.  (  gastro-epiploica  dextra. 

■<  gastro-duodenalis.  <  pancreatico-duodenalis 

(  cystic.  (      superior. 

(  pancreatic  branches. 
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Coronaria  Ventriculi.  —  The  covonaria  vcntnadi,  the  small- 
est of  the  three,  ascends  a  little  to  the  left  towards  the  oesoph- 
ageal end  of  the  stomach,  where  it  gives  off  asopJiagcal  branches, 
which  anastomose  with  the  oesophageal  branches  of  the  thoracic 
aorta ;  and  others  to  the  cardiac  end  of  the  stomach,  w^hich  in- 
osculate with  the  vasa  brevia  of  the  splenic  artery.  It  then  runs 
from  left  to   right,  along  the  lesser  curvature  of  the  stomach 


■  Spleen . 


Descendin 
duodenum 


Termination 
of  bile-duct. 


Commencement  of  the  intes- 
tinum  jejunum. 


Fig.  170.  —  Diagram  of  the  Branches  of  the  Cceliac  Axis, 

(Pancreas  in  dotted  outline  behind  the  stomacli.) 

6.   Coronaria  ventriculi.     2.    Splenica.     ^    Hepatic  a.     4.    Pyloric  a.     5.   Oastro-duodenalis. 

6.   Gastro-epiploica  sinistra.     7.   Vasa  brevia.     8.   Superior  mesenteric  a. 

towards  the  pylorus,  supplying  branches  on  both  surfaces  of 
the  stomach,  and  finally  anastomoses  with  the  pyloric  branch 
of  the  hepatic  artery. 

Hepatic  Artery. — T\\q  hepatic  ^r/^rj/ ascends  to  the  right 
between  the  layers  of  the  lesser  omentum  to  the  transverse  fis- 
sure of  the  liver,  where  it  divides  into  two  branches,  right  and 
left,  for  the  supply  of  the  respective  lobes  of  the  liver. 

In  its  course  to  the  liver,  it  lies  to  the  left  of  the  common 
bile-duct  and  in  front  of  the  portal  vein  :  all  three  are  contained 
in  the  right  half  of  the  lesser  omentum.  The  hepatic  gives 
off  — 
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a.  The pylo}-ic,  which  descends  to  the  upper  border  of  the  pylorus,  and  runs 
along  the  lesser  curve  of  the  stomach  from  right  to  left,  inosculating  with  the  cor- 
onaria  ventriculi. 

b.  T\\.Q  gastro-duodenalis  descends  behind  the  ascending  portion  of  the  duode- 
num, divides,  after  a  short  course,  into  {a)  the  gastro-epiploica  dextra,  which  runs 
along  the  greater  curve  of  the  stomach,  between  the  layers  of  the  great  omentum, 
from  right  to  left,  and  anastomoses  with  the  gastro-epiploica  sinistra  from  the 
splenic,  supplying  both  surfaces  of  the  stomach  and  the  great  omentum  ;  and  {b) 
the  pancreatico-diwdenalis  mpe^Hor,  which  runs  down  between  the  head  of  the 
pancreas  and  the  descending  portion  of  the  duodenum,  and  anastomoses  with  the 
pancreatico-duodenalis  inferior,  a  branch  of  the  superior  mesenteric,  and  with 
the  pancreatic  branches  of  the  splenic. 

c.  The  cystic,  commonly  a  branch  of  the  right  hepatic,  ascends  along  the  neck 
of  the  gall-bladder,  and  divides  into  two  branches,  one  of  which  ramifies  on  the 
under  surface  of  the  gall-bladder,  the  other  passes  between  the  liver  and  the  upper 
surface  of  the  gall-bladder. 

Splenic  Artery.  — The  splenic,  the  largest  of  the  three,  pro- 
ceeds tortuously  towards  the  left  side,  above  its  corresponding 
vein,  along  the  upper  border  of  the  pancreas  to  the  hilum  of  the 
spleen,  which  it  enters  by  numerous  branches. 

It  gives  off:  i.  Several  small  branches  to  the  pancreas,  pai^creaticce  parvcB : 
one,  rather  larger  than  the  rest,  pancreatica  magna,  accompanies  the  pancreatic 
d7ict.  These  arteries  anastomose  with  the  pancreatico-duodenal  branches  of  the 
hepatic  and  superior  mesenteric  arteries.  2.  The  gastro-epiploica  sinistra,  which 
runs  to  the  right  along  the  great  curve  of  the  stomach,  between  the  layers  of  the 
great  omentum,  and  inosculates  with  the  gastio-epiploica  dextra.  3.  The  vasa 
brevia,  five  to  seven  in  number,  which  proceed  between  the  layers  of  the  gastro- 
sple7iic  omentum,  to  the  great  end  of  the  stomach,  where  they  communicate  with 
branches  from  the  coronaria  ventriculi,  and  the  gastro-epiploica  sinistra.  4.  The 
splenic  branches  are  five  or  six  in  number,  and  enter  the  fissure  of  the  spleen. 

Thus  the  stomach  is  supplied  with  blood  by  four  channels, 
which  by  their  inosculations  form  a  main  artery  along  its  lesser 
curve,  another  along  its  greater  ;  from  these,  numerous  branches 
are  furnished  to  both  surfaces  of  the  stomach.  The  artery  of 
the  greater  curve  also  sends  down  numerous  omental  branches, 
which  form  a  network  between  the  layers  of  the  great  omentum. 

The  vein  corresponding  to  the  coronaria  ventriculi  artery, 
called  the  coronary,  commences  close  to  the  pylorus,  runs  along 
the  lesser  curve  of  the  stomach  as  far  as  the  oesophagus,  and 
then,  descending  to  the  right,  between  the  two  layers  of  the 
gastro-hepatic  omentum,  opens  into  the  vena  portse. 

The  splenic  vein  returns  the  blood  from  the  spleen  by  five  or 
six  branches  which  unite  to  form  a  single  trunk.  This  runs 
along  the  upper  border  of  the  pancreas  below  the  artery,  and 
after  receiving  the  branches  corresponding  to  the  branches  of 
the  artery  and  the  inferior  mesenteric  vein,  joins  the  superior 
mesenteric  vein  to  form  the  vena  portae.  , 
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The  hepatic  veins  do  not  run  with  the  hepatic  artery,  but  re- 
turn the  blood  from  the  Hv^er  and  terminate  in  the  vena  portae. 

Vena  Portae  :  its  Peculiarities. — The  veins  which  return 
the  blood  from  the  abdominal  portion  of  the  alimentary  canal, 
the  pancreas,  and  the  spleen, 
do  not  empty  themselves 
into  the  vena  cava  inferior, 
but  all  unite  into  one  large 
vein,  called  the  vena  portce, 
which  ramifies  throughout 
the  liver,  and  secretes  the 
bile.  The  trunk  of  the  vena 
portae  itself  is  about  three 
inches  {J.^  cm)  long.  Tra- 
cing it  downwards,  you  find 
that  it  is  formed  behind  the 
great  end  of  the  pancreas 
and  in  front  of  the  inferior 
cava  by  the  confluence  of 
the  splenic  and  superior 
mesenteric  veins  (Fig.  171). 
In  its  passage  to  the  liver, 
the  vena  portae  is  accompa-  ^v  yy\\ 
nied  by  the  hepatic  artery  ^^^/^f  n 
and  the  common  bile-duct, 
lying  behind  and  between 
them.  At  the  transverse 
fissure  of  the  liver  it  pre- 
sents a  slight  enlargement, 
called  the  sinus,  and  then 
divides  into  two  branches  corresponding  to  the  right  and  left 
lobes.  The  vein  ramifies  in  the  substance  of  the  liver  like  an 
artery,  and  is  surrounded,  with  the  branches  of  the  hepatic 
artery  and  duct,  in  a  sheath  of  areolar  hepatic  tissue  called  Glis- 
sons  capsule.  The  vena  portae  may,  then,  be  compared  to  the 
stem  of  a  tree,  of  which  the  roots  arise  in  the  digestive  organs, 
and  the  branches  spread  out  in  the  liver.  After  receiving  the 
veins  corresponding  to  the  branches  of  the  hepatic  artery,  the 
vena  portae  returns  its  blood  into  the  inferior  vena  cava  through 
the  venae  cavac  hepaticae. 

The  veins  which  empty  themselves  into  the  vena  portae  have 
no  valves.     Therefore,  if  any  obstruction  arises  in  the  venous 


Fig.  171.  —  Diagram  of  the  Vena  Port/e. 

(The  arrow  is  introduced  behind  the  free  border  of 

the  lesser  omentum.) 
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circulation  through  the  liver,  the  roots  of  the  portal  vein  are 
apt  to  become  congested  ;  this  is  a  common  cause  of  haemor- 
rhoids, diarrhoea,  haemorrhage  from  the  bowels,  and  ascites. 

Hepatic  Duct.  —  The  hepatic  duct  is  formed  by  the  junction 
of  the  right  and  left  hepatic  ducts,  which  issue  from  the  trans- 
verse fissure.  The  hepatic  duct  descends  nearly  vertically  for 
about  an  inch  and  a  half  {J.8  an.),  when  it  is  joined  at  an  acute 
angle  by  the  cystic  duct. 

Cystic  Duct.  —  The  cystic  duct,  about  an  inch  {2.^  cm.)  in 
length,  descends  from  the  neck  of  the  gall-bladder,  towards  the 
left  in  the  gastro-hepatic  omentum,  lying  to  the  right  of  the 
hepatic  artery  and  in  front  of  the  vena  portae. 

Ductus  Communis  Choledochus.  —  The  hepatic  and  cystic 
ducts  unite  to  form  the  diicttis  communis  choledochtis,  or  the 
common  bile-duct ;  the  duct  thus  formed  passes  downwards  and 
to  the  left,  between  the  two  layers  of  the  lesser  omentum,  close 
to  its  right  border.  It  is  about  three  inches  (^.^  cm.)  long,  and 
if  distended  would  be  about  the  size  of  a  crow-quill.  It  de- 
scends behind  the  first  portion  of  the  duodenum  ;  in  front  of 
the  vena  portae ;  to  the  right  of  the  hepatic  artery ;  to  the  left 
of  the  descending  portion  of  the  duodenum  ;  and  behind  the 
head  of  the  pancreas.  Then  turning  towards  the  right,  it  gets 
behind  the  descending  duodenum,  and  opens  obliquely  into  the 
back  part  of  the  second  portion,  near  the  junction  with  the 
third.  The  duct  runs  through  the  coats  of  the  bowel  for  nearly 
three-quarters  of  an  inch  {i8  mm.),  and  sometimes  before  doing 
so  unites  with  the  pancreatic  duct. 

Dissection.  —  The  great  omentum,  with  the  arch  of  the 
colon,  must  now  be  turned  up  over  the  chest,  and  the  small  in- 
testines pushed  towards  the  left  side.  Then,  by  removing  the 
anterior  layer  of  the  peritorieum  from  the  mesentery,  we  expose 
the  mode  in  which  the  superior  mesenteric  artery  ramifies  so  as 
to  supply  the  small  intestines.  In  making  this  dissection,  the 
mesenteric  glands  immediately  attract  notice.  They  lie  in  great 
numbers  between  the  layers  of  the  mesentery,  and  vary  consid- 
erably in  size.  The  fine  tubes,  called  lacteal  vessels,  which 
traverse  the  glands,  are  too  thin  and  transparent  to  be  seen 
under  ordinary  circumstances.  But  in  cases  where  sudden 
death  has  taken  place  during  digestion,  they  are  found  distended 
with  chyle  (resembling  fine  white  threads),  and  can  be  traced 
into  the  glands  from  all  parts  of  the  small  intestine.*     After 

*  The  arrangement  of  the  chyUferous  vessels  is  well  displayed  in  the  plates  of 
Mascagni, 
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traversing  the  glands,  they  all  eventually  empty  their  contents 
into  the  receptaculum  chyli  (p.  200). 

Superior  Mesenteric  Artery  and  Branches.  —  This  large 
artery  arises  from  the  front  of  the  aorta  just  below  the  coeliac 
axis,  descends  beneath  the  pancreas,  in  front  of  the  transverse 
part  of  the  duodenum  (Fig.  162,  No.  8,  p.  434),  and  then  runs 
between  the  layers  of  the  mesentery  towards  the  right  iliac 
fossa,  where  it  terminates  in  branches  for  the  supply  of  the 
caecum.  Thus  it  describes  a  gentle  curve  from  left  to  right. 
It  is  crossed  by  the  pancreas  and 
splenic  vein,  and  will  be  seen  to 
supply  the  descending  and  trans- 
verse duodenum,  the  jejunum, 
ileum,  and  the  ascending  and 
transverse  colon.  It  is  accom- 
panied by  its  corresponding  vein, 
and  is  surrounded  by  the  superior 
mesenteric  sympathetic  plexus. 
It  gives  off  the  following 
branches :  — 

1.  The  inferior  pancreatico- 
duodenal branch,  which  runs  up 
behind  the  pancreas,  within  the 
concavity  of  the  duodenum,  to 
inosculate  with  the  superior  pan- 
creatico- duodenal  branch  of  the 
hepatic. 

2.  Vasa  ititestijii  tenuis  of  the 
small  intestine,  from  ten  to  six- 
teen in  number,  are  given  off  from 
the  left  or  convex  side  of  the 
curve,  and  are  distributed  to  the  jejunum  and  ileum  ;  while  from 
the  concave  side  come  — 

3.  The  ileo-colic  ; 

4.  The  right  colic,  for  the  supply  of  the  ileum,  caecum,  and 
ascending  colon  ;  and 

5.  The  middle  colic,  for  the  supply  of  the  transverse  colon. 

The  student  should  now  trace  the  branches  to  the  small  in- 
testine, in  order  to  see  the  series  of  arches  which  they  form  by 
their  mutual  inosculations.  There  are  three  or  four  tiers  of 
them,     each     tier    composed    of    smaller   and  more   numerous 

*  The  inferior  pancreatico-duodenal  artery  is  not  represented. 


Fig.  172. —  Plan  OF  THE  Mesenteric  Ar- 
teries   AND   THEIR    COMMUNICATIONS.* 

I.  Superior  mesenteric  a.  2.  Colica  media. 
3.  Colica  dextra.  4.  Ileo-colica.  5.  In- 
ferior mesenteric  a.  6.  Colica  sinistra. 
7.  Arteria  sigmoidea.  8.  Superior  hemor- 
rhoidal a. 
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branches  than  the  preceding.  The  ultimate  branches  ramify- 
in  circles  round  the  intestine.  This  circular  arrangement  of  the 
vessels  in  the  coats  of  the  bowel  is  practically  interesting,  be- 
cause it  enables  one  in  almost  all  cases  to  distinguish  the  in- 
testine from  the  hernial  sac. 

The  colic  branches  of  the  superior  mesenteric  are  the  ileo-colic,  which  is  the  con- 
tinuation of  the  main  trunk,  and  divides  into  two  branches  ;  one  suppUes  the  lower 
part  of  the  ileum ;  and  the  other  the  caecum  ; 

The  right  colic,  which  proceeds  towards  the  ascending  colon ;  and 
The  middle  colic,  which   ascends  between  the  layers  of  the  mesocolon  to  the 
arch.     They  are  arranged  after  the  same  plan  as  those  of  the  small  intestine;  that 
is,  they  inosculate  and  form  a  series  of  arches  which  successively  decrease  in  size, 
and  finally  terminate  in  circles  around  the  bowel. 

The  superior  mesenteric  vein  joins  the  splenic  behind  the 
pancreas,  and  forms  the  vena  portae  (p.  465). 

Dissection  of  the  Inferior  Mesenteric  Artery  and 
Branches.  — To  trace  this  artery,  the  small  intestine  must  be 
drawn  over  towards  the  right  side,  and  the  peritoneum  covering 
the  artery  removed,  since  the  artery  lies  behind  the  peritoneum. 
It  is  given  off  from  the  front  of  the  aorta,  about  two  inches 
(5  cm.)  above  its  bifurcation,  and  is  surrounded  by  the  inferior 
mesenteric  plexus  of  sympathetic  nerves.  Descending  towards 
the  left  iliac  fossa,  it  crosses  obliquely  over  the  left  common 
iliac  artery,  passes  between  the  layers  of  the  meso-rectum,  and 
taking  the  name  of  snpetior  hcemorrhoidal,  is  finally  distributed 
to  the  upper  part  of  the  rectum.      Its  branches  are : — 

1.  The  colica  sinistra,  which  crosses  behind  the  peritoneum,  over  the  left  kidney, 
and  supplies  the  descending  colon. 

2.  The  sigtnoidea,  which  runs  over  the  psoas,  is  distributed  to  the  sigmoid 
flexure. 

3.  The  stcperior  hcEniorrhoidal,  which  supplies  the  upper  part  of  the  rectum,  and 
will  be  dissected  with  the  side  view  of  the  pelvis. 

These  branches  of  the  inferior  mesenteric  inosculate  in  the 
form  of  arches,  like  the  colic  branches  of  the  superior  mesenteric. 
The  colica  sinistra,  too,  forms  a  large  arterial  arch  with  the 
colica  media,  so  that  there  is  a  chain  of  arterial  communications 
from  one  end  to  the  other  of  the  intestinal  canal  (Fig.  172). 

The  inferior  mesenteric  vein  ascends  nearly  vertically  behind 
the  peritoneum,  passes  in  front  of  the  left  psoas,  behind  the 
third  portion  of  the  duodenum  and  the  pancreas,  and  joins  the 
splenic  behind  the  pancreas. 

Dissection.  — To  see  the  relations  of  the  duodenum  and  the 
pancreas,  two  ligatures  about  an  inch  (2.5  cm^  apart  should  be 
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placed  on  the  upper  end  of  the  jejunum,  and  two  others  at  a 
similar  distance  apart  on  the  lower  end  of  the  sigmoid  flexure 
of  the  colon.  After  the  jejunum  and  the  sigmoid  flexure 
have  been  divided  between  the  ligatures  respectively,  the  small 
and  large  intestines  are  to  be  removed  by  cutting  through  the 
peritoneal  folds  which  connect  them  to  the  abdominal  walls. 
By  turning  up  the  stomach,  we  expose  the  duodenum  curving 
round  the  great  end  of  the  pancreas. 

Duodenum,  Relations  of.  ^ — ^The  duodenum  (Fig.  170,  p. 
463)  commences  at  the  pyloric  end  of  the  stomach,  and  termi- 
nates on  the  left  side  of  the  second  lumbar  vertebra  where  the 
intestinum  jejunum  begins.  It  is  about  eight  to  ten  inches 
(20-2^  cm.)  in  length  and  two  inches  {^  cm)  in  diameter,  and 
is  divided  into  three  parts,  an  ascending,  descending,  and 
transverse. 

The  first  portion  ascends  obliquely  as  high  as  the  neck  of  the 
gall-bladder  ;  then,  making  a  sudden  bend,  it  descends  in  front 
of  the  right  kidney  as  low  as  the  third  lumbar  vertebra.  Lastly, 
making  another  bend,  it  ascends  obliquely  across  the  spine  to 
the  left  side  of  the  second  lumbar  vertebra ;  here  the  intestine 
takes  the  name  of  jejunum.  Thus  the  duodenum  describes  a 
horseshoe  curve,  the  concavity  of  which  is  directed  towards  the 
left  side,  and  embraces  the  head  of  the  pancreas. 

The  first  or  ascending  portion  is  about  two  inches  ( 5  cm) 
long,  and  is  completely  invested  by  peritoneum.  It  is  com- 
paratively free,  so  that  the  movements  of  the  stomach  may  not 
be  restricted.  In  front  of  it  are  the  liver  and  the  neck  of  the 
gall-bladder.  Behind  it  are  the  bile-duct,  the  hepatic  artery, 
and  the  vena  portae.  The  second  or  descending  portion  is  about 
three  inches  ( 7.5  cm)  long,  and  is  covered  by  peritoneum  only 
on  its  anterior  surface.  It  is  firmly  connected  to  the  deeper 
structures  behind,  and  to  the  pancreas  on  its  left  side,  so  that  no 
movement  is  permitted  in  this  portion.  It  descends  from  the 
neck  of  the  gall-bladder  to  the  right  side  of  the  body  of  the 
third  lumbar  vertebra.  It  lies  behind  the  transverse  colon,  in 
front  of  the  right  kidney  and  the  ductus  communis  choledochus  ; 
on  the  left  side  it  is  in  relation  with  the  head  of  the  pancreas, 
its  duct,  and  the  superior  and  inferior  pancreatico-duodenal 
arteries.  The  third  or  transverse  portion,  about  four  inches 
{10  cm.)  long,  is  situated  behind  the  transverse  meso-colon,  just 
above  the  mesentery  and  the  superior  mesenteric  vessels. 
Above  it  arc  the  pancreas,  and  the  superior  mesenteric  artery 
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and  vein,  which  pass  between  the  pancreas  and  the  -duodenum  : 
behind,  it  rests  upon  the  crura  of  the  diaphragm,  the  inferior 
vena  cava,  and  the  aorta.  This  portion,  Hke  the  second,  is  only- 
covered  in  front  by  the  peritoneum.*  Notice  how  firmly  the 
duodenum  is  braced  up "  on  the  left  side  of  the  second  lumbar 
vertebra,  and  how  the  jejunum  begins  here  by  an  abrupt  down- 
ward bend. 

Pancreas,  Relations  of.  —  The  pancreas  is  a  large  com- 
pound racemose  gland,  situated  immediately  behind  the  stomach 
(Fig,  170,  p.  463).  It  is  of  an  elongated  form,  and  of  pinkish- 
white  color.  It  is  placed  transversely  across  the  spine ;  its 
larger  end,  or  head,  is  embraced  by  the  duodenum ;  its  lesser 
end,  or  tail,  is  in  contact  with  the  spleen.  It  is  about  six  to 
eight  inches  (75  to  20  cm.)  in  length,  its  average  breadth  is  one 
inch  and  a  half  {J.8  cm.),  and  its  thickness  from  half  an  inch  to 
an  inch  {ij  mm.  to  2.^  cm).  Its  weight  is  from  2\  oz.  to  3^  oz. 
(6J.7  to  8g  gm.),  although  it  frequently  exceeds  the  latter 
weight. 

In  fro7tt,  the  gland  has  the  ascending  layer  of  the  transverse 
meso-colon  and  the  stomach  :  its  rigJit  extremity,  or  Jiead,  is  em- 
braced by  the  duodenum,  separated  from  it  by  the  pancreatico- 
duodenal arteries ;  behind  the  head  is  the  ductus  communis 
choledochus,  whilst  the  body  is  in  relation  posteriorly  with  the 
inferior  vena  cava,  the  superior  mesenteric  vein  and  artery,  the 
aorta,  the  beginning  of  the  vena  portae,  the  crura  of  the  dia- 
phragm, the  left  kidney,  the  supra-renal  capsule,  and  the  inferior 
mesenteric  vein  ;  its  left  extreviity,  or  tail,  touches  the  concavity 
of  the  lower  surface  of  the  spleen,  and  is  in  front  of  the  left 
supra-renal  capsule ;  the  upper  border  is  in  relation  with  the 
coeliac  axis,  the  splenic  artery  and  vein  lying  in  a  groove  in  the 
gland,  and  on  the  right  side  with  the  ascending  portion  of  the 
duodenum  and  the  hepatic  artery  ;  the  lower  border  \%  in  relation 
with  the  transverse  portion  of  the  duodenum,  from  which  it  is 
separated  by  the  superior  mesenteric  vessels,  and  to  the  left 
side  with  the  inferior  mesenteric  vein. 

Its  duct  (canal  of  Wirsimg)  runs  from  left  to  right,  near  the 
lower  border  and  anterior  surface  of  the  gland,  and  empties 
itself    into  the  back  part  of    the   descending   portion    of    the 

*  Recent  authors  have  called  that  portion  of  the  transverse  portion  covered 
ventrally  and  laterally  by  peritoneum  the  second  ascejiding portion.  This,  from  its 
position,  contour,  and  peritoneal  relations,  belongs  to  the  duodenum  and  not  the 
jejunum  ;  it  is  always  to  the  left  of  the  vertebral  column,  denoting  the  original 
position  of  the  gut  in  the  embryo.  —  A.  H. 
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duodenum,  conjointly  with,  or  close  to,  the  opening  of  the  com- 
mon bile-duct.  It  receives  numerous  branches  from  the  splenic 
artery,  which  runs  along  its  upper  border ;  some  from  the 
superior  mesenteric,  which  lies  immediately  beneath  it,  and 
others  from  the  gastro-duodenalis. 

Dissection.  —  The  liver,  stomach,  duodenum,  pancreas,  and 
spleen  should  now  be  collectively  removed.  For  this  purpose 
it  is  necessary  to  cut  through  the  ligaments  of  the  liver,  the 
venae  cavae  hepaticce,  and  the  branches  of  the  coeliac  axis. 
These  viscera,  with  the  remainder  of  the  intestinal  canal,  should 
be  macerated  in  water,  while  you  examine  all  that  is  to  be  seen 
at  the  back  of  the  abdomen  :  namely,  the  deep-seated  muscles, 
the  aorta,  the  inferior  vena  cava,  the  kidneys,  the  lumbar  plexus 
of  nerves,  and  the  sympathetic  nerve. 

Kidneys  and  Ureter,  Relations  of.  —  The  kidneys,  two 
large  glands  which  excrete  the  urine,  are  situated  in  the  lumbar 
region,  enveloped  by  a  capsule  of  loose  areolar  tissue  (the 
meshes  of  which  are  at  certain  points  filled  with  a  soft  fat), 
behind  the  peritoneum,  one  on  each  side  of  the  spine.  They 
extend  from  the  eleventh  rib  nearly  as  far  as  the  crest  of  the 
ilium,  and  lie  embedded  in  more  or  less  fat,  on  the  quadratus 
lumborum,  the  psoas,  and  the  crura  of  the  diaphragm.  The 
adult  kidney  is  4.4  inches  (//  cm.)  in  length,  2  inches  (5  cm) 
wide,  and  i  inch  (2.5  cm)  in  thickness.  It  weighs  in  the  male 
4  to  6  oz.  {II 3. 5  to  lyo  gms.),  in  the  female  4  to  51  oz. 
{113 S  to  1^6  gms.).  Surmounting  each  is  a  small  body,  called 
the  supra-renal  capsule. 

The  ajitcrior  sntface  is  convex,  and  the  right  kidney  has  in 
front  the  liver,  the  ascending  colon,  the  descending  portion  of 
the  duodenum,  and  the  colica  dextra  artery ;  the  left  kidney  has 
in  front  the  lower  part  of  the  spleen,  the  cardiac  end  of  the 
stomach,  the  descending  colon,  the  tail  of  the  pancreas,  and  the 
colica  sinistra  artery.  This  explains  how  it  is  that  a  renal 
abscess  or  calculus  is  sometimes  evacuated  by  the  rectum. 
Above,  the  right  kidney  is  in  contact  with  the  under  surface  of 
the  liver,  and  its  upper  end  reaches  as  high  as  the  lower  border 
of  the  eleventh  rib  ;  the  left  kidney  is  in  contact  above  with  the 
spleen,  and  reaches  to  the  level  of  the  upper  border  of  the 
eleventh  rib.  The  posterior  surface  is  flat  and  lies  on  the  corre- 
sponding crus  of  the  diaphragm,  the  quadratus  lumborum,  and 
the  psoas,  separated,  however,  by  the  anterior  layer  of  the 
aponeurosis  of  the  transversalis  ;  the  outer  border  is  convex,  and 
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looks  towards  the  parietes ;  the  inner  border  presents  a  deep 
notch,  the  hilum,  continuous  with  a  cavity,  the  sinus,  through 
which  pass  the  renal  artery  and  vein,  the  ureter,  the  renal 
plexus  of  nerves  and  lymphatics,  surrounded  by  connective 
tissue  and  fat.  The  vessels  and  duct  have  the  following  rela- 
tions :  anteriorly  is  the  renal  vein,  posteriorly  is  the  ureter, 
the  renal  artery  being  between  them.  The  ureter  descends 
almost  vertically  on  the  psoas  muscle,  enters  the  pelvis  over 
the  division  of  the  common  iliac  artery,  and  empties  itself  into 
the  lower  part  of  the  bladder  after  running  obhquely  through 
its  coats. 

Dissection.  —  The  kidney,  below,  descends  nearly  as  low  as 
the  crest  of  the  ilium,  and  is  not  so  broad  as  the  upper  extrem- 
ity. The  kidneys  and  supra-renal  capsules  must  be  removed 
and  reserved  for  further  examination. 

Semilunar  Ganglia.  —  The  semilunar  ganglia,  two  in  num- 
ber, are  contained  in  the  solar  plexus,  and  are  situated  one  on 
each  side  of  the  coeliac  axis,  in  the  neighborhood  of  the  supra- 
renal bodies  ;  that  on  the  right  side  will  be  found  lying  under 
the  vena  cava  inferior.  They  consist  of  irregular  ganglionic 
masses.  Above,  each  ganglion  receives  the  great  splanchnic 
nerve  (Fig.  75,  p.  205),  and  the  two  ganglia  are  connected  on 
their  inner  sides.  Filaments  are  distributed  to  the  supra-renal 
and  renal  plexuses  and  to  the  plexuses  which  surround  the 
branches  of  the  abdominal  aorta.  The  branches  of  the  solar 
plexus  will  be  described  later  on. 

Diaphragm.  —  This  is  a  partly  muscular  and  partly  ten- 
dinous arch,  so  constructed  as  to  form  a  complete  movable 
partition  between  the  ,-chest  and  the  abdomen  :  a  floor  for  the 
one,  and  a  roof  for  the  other.  Its  upper  or  thoracic  surface  is 
convex  ;  its  lower  or  abdominal,  concave.  On  removing  its  peri- 
toneal coat,  and  a  thin  fascial  covering  from  the  transvcrsalis 
fascia,  we  observe  a  broad  tendon  in  the  centre,  and  that  mus- 
cular fibres  converge  to  it  from  all  sides  (Fig.  173).  The  dia- 
phragm arises,  i .  From  the  ensif orm  cartilage  by  fleshy  fibres  ; 
2.  From  the  inner  surfaces  of  the  cartilages  of  the  six  lower 
ribs  by  as  many  digitations,  which  correspond  with  those  of  the 
transvcrsalis  ;  3.  From  two  thin  tendinous  arches,  called,  re- 
spectively, the  ligamenta  arciiata,  externum  and  intermim  (the 
external  arch  is  the  thickened  upper  border  of  the  anterior  layer 
of  the  transvcrsalis  fascia,  and  extends  from  the  last  rib  to  the 
transverse  process  of  the  first  lumbar  vertebra,  and  arches  over 
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the  quadratus  lumborum  ;  the  internal  passes  from  the  trans- 
verse process  of  the  first  himbar  vertebra  to  the  body  of  the 
same  vertebra,  and  arches  over  the  psoas) ;  and  4.  From  the 
front  of  the  bodies  of  the  lumbar  vertebrae  by  two  elongated 
bundles,  called  the  crura  of  the  diaphragm.  Both  crura  have 
tendinous  origins  ;  the  right  crus  is,  however,  a  little  longer  than 
the  left ;  the  former  arises  from  the  first,  second,  and  third  lum- 
bar vertebrae  and  their  intervening  cartilages ;  the  left  does  not 
descend  so  low  by  one  vertebra.  The  inner  fibres  of  each  crus 
decussate,  those  of  the  right  being  the  more  anterior.     In  their 
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I.  Anterior  or  middle  leaflet  of  the  central  aponeurosis.  2.  Right  leaflet.  3.  Left  leaflet.  4.  Right 
crus.  5.  Left  cms.  6.  Slit  for  tlie  great  splanchnic  nerve.  7.  Muscular  fibres  which  arise 
from  the  arcuate  ligament.  8,8.  Fibres  which  arise  from  the  cartilages,  g.  Fibres  which  arise 
from  the  base  of  the  ensiform  cartilage.  10.  Opening  for  the  vena  cava.  11.  (Esophageal 
opening.  12.  Aortic  opening.  13.  Superior  part  of  the  transversalis  m.  turned  back.  14,  14. 
Aponeurosis  of  the  transversalis.  15,  15.  (Juadratus  lumborum  m.  16,  16.  Psoas  magnus  m. 
17.   Third  lumbar  vertebra. 

decussation  the  fibres  separate  the  aortic  from  the  oesophageal 
openings.     Between  the  two  crura  the  aorta  enters  the  abdomen. 

From  these  various  origins  the  fibres  ascend,  at  first  nearly 
vertically,  and  then  all  arch  inwards,  and  converge  to  be  inserted 
into  the  central  tendon. 

The  central  tendon  is  nearly  the  highest  part  of  the  dia- 
phragm. It  presents  a  white,  glistening  surface,  owing  to  the 
crossing  of  its  tendinous  fibres  ;  its  shape  may  be  compared  to 
that  of  a  trefoil  leaf,  and  it  is  composed  of  a  right  and  left  leaflet 
and  a  middle  leaflet,  separated  from  each  other  by  indentations. 
Of  the  three  leaflets,  the  right  is  the  largest  and  the  left  the 


474 


OPENINGS    IN    THE    DIAPHRAGM. 


smallest.  The  chief  point  of  interest  about  the  tendon  is  that, 
in  consequence  of  its  connections  with  the  pericardium,  below 
which  it  lies  (Fig.  71,  p.  188),  it  is  always  maintained  on  the 
same  level ;  so  that  it  helps  to  support  the  heart,  and  serves  as 
a  fixed  point  for  the  insertion  of  the  muscular  fibres  of  the 
diaphragm. 

Openings  in  the  Diaphragm.  —  There  are  three  large  open- 
ings in  the  diaphragm  for  the  transmission  of  the  aorta,  the 
oesophagus,  and  the  inferior  vena  cava,  respectively,  and  several 
smaller  apertures  for  the  transmission  of  nerves  and  vessels. 
The  aortic  opening  is  osseo-aponeurotic,  and  lies  in  the  middle 

line  between  the  two  crura 
in  front  of  the  spine ;  it 
transmits,  also,  the  vena 
azygos  major  and  the  tho- 
racic duct,  both  of  which  lie 
rather  to  the  right  side  of 
the  aorta.  Trace  the  crura 
upwards,  and  observe  that 
the  innerfibresof  each  cross 
each  other  in  front  of  the 
aorta,  somewhat  like  the 
letter  X.*  Above  the  de- 
cussation, and  a  little  to  the 
left  of  it,  is  the  oesophageal 
opening ;  this  is'  oval  and 
entirely  muscular,  and  trans- 
mits  the  oesophagus  and  the  pneumogastric  nerves.  The  open- 
ing for  the  vejia  cava  {foramen  quadratnni)  is  situated  in  the 
highest  part  of  the  central  tendon,  rather  to  the  right  of  the 
middle  line,  and  is  quadrate  in  shape.  Through  this  opening  pass 
the  inferior  vena  cava,  some  lymphatics  from  the  convex  surface 
of  the  liver,  and  usually  a  branch  from  the  right  phrenic  nerve. 
Observe  that  the  vein  is  intimately  connected  to  its  margin,  and 
kept  permanently  open.  Lastly,  there  pass  through  the  cms, 
on  each  side,  the  sympathetic  and  the  greater  and  lesser 
splanchnic  nerves ;  and  in  addition,  on  the  left  side,  the  vena 
azygos  minor.  The  arch  of  the  diaphragm,  in  expiration,  ex- 
tends about  as  high  as  the  fifth  rib  on  the  right  side  and  the 
sixth  rib  on  the  left. 

*  This  decussation  is  not  always  complete.  But  the  right  crus  always  crosses 
more  or  less  over  the  left,  so  that  the  crura  are  never  strictly  parallel. 


Fig.  174.  —  Diaphragm,  from  its  Upper  Surface 

(The  dotted  lines  show  the  amount  of  descent  on 
contraction.) 
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The  nerves  of  the  diaphragm  are  the  phrenic  (p.  197),  and  the  five  or  six  lower 
intercostal  ner\^es.  The  diaphragm  also  receives  minute  filaments  from  the  dia- 
phragmatic plexuses,  which  come  from  the  semilunar  gangha.  On  its  under  sur- 
face, on  the  right  side,  close  to  the  supra-renal  capsule,  the  plexus  joins  some 
branches  of  the  right  phrenic  nerve,  at  which  spot  there  is  a  small  ganglion 
(ganglion  diaphragtnaticiim),  from  which  filaments  are  given  off  to  the  liver,  vena 
cava,  and  supra-renal  capsule.  It  is  absent  on  the  left  side.  Its  blood-vessels  are 
the  two  phrenic,  derived  from  the  aorta,  the  internal  mammary  (p.  171),  and  the 
lower  intercostal. 

Function  of  the  Diaphragm. — The  diaphragm  is  the  great 
muscle  concerned  in  inspiration.  During  inspiration  the  mus- 
cular sides  of  the  diaphragm  contract,  and  become  less  arched 
(as  shown  by  the  dotted  line  in  Fig.  174);  the  floor  of  the 
chest  sinks  in  consequence,  and  more  room  is  made  for  the  ex- 
pansion of  the  lungs.  During  expiration  the  diaphragm  relaxes 
and  the  air  is  expelled,  partly  by  the  elasticity  of  the  lungs  and 
the  thoracic  walls,  partly  by  muscular  action.  This  alternate 
sinking  and  rising  of  the  diaphragm  constitutes  a  chief  part  of 
the  mechanism  of  breathing.  But  the  diaphragm  conduces  to  the 
performance  of  many  other  functions.  Acting  in  concert  with 
the  abdominal  muscles,  it  assists  in  the  expulsion  of  the  fasces 
and  the  urine,  also  in  parturition  and  in  vomiting ;  for  in  all 
these  operations  we  first  take  in  a  deep  breath,  that  the  dia- 
phragm may  be  in  a  state  of  contraction,  and  so  form  a  resist- 
ing surface,  against  which  the  viscera  may  be  compressed  by 
the  abdominal  muscles.  Moreover,  by  its  rapid  or  spasmodic 
contractions  it  is  one  of  the  chief  agents  concerned  in  laughing, 
sneezing,  coughing,  hiccough. 

Dissection.  —  The  student  should  now  dissect  the  large  ves- 
sels and  the  muscles  of  the  back  part  of  the  abdomen.  To  do 
so,  the  mesentery  which  lies  in  front  of  the  aorta  and  vena  cava 
is  to  be  removed,  as  well  as  the  fat  and  connective  tissue.  The 
dissection  should  include  the  parietal  branches  of  the  abdominal 
aorta;  afterwards,  its  great  primary  divisions  —  the  common 
and  external  iliac  arteries  —  should  be  cleaned  as  far  as  Pou- 
part's  ligament.  The  quadratus  lumborum,  the  psoas,  and 
iliacus  muscles  should  be  carefully  cleaned,  care  being  taken 
not  to  injure  the  nerves  and  arteries  lying  in  front  of  them  ; 
thus,  in  front  of  the  quadratus  lumborum  are  the  last  thoracic, 
the  ilio-hypogastric,  and  ilio-inguinal  nerves,  which  cross  the 
muscle  obliquely  ;  in  front  of  the  iliacus  are  the  external  cuta- 
neous and  anterior  crural  nerves  ;  and  coming  through,  and  then 
lying  in  front  of  the  psoas,  is  the  genito-crural  nerve,  while  to 
the  inner  side  of  the  muscle  is  the  obturator  nerve.     The  gang- 
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Hated  cord  of  the  sympathetic  nerves,  situated  on  each  side  of 
the  bodies  of  the  vertebrae,  must  also  be  made  out ;  and,  lastly, 
the  sheath  which  invests  the  psoas  should  be  examined,  and  the 
branches  of  the  lumbar  plexus  preserved  as  they  emerge  from 
beneath  the  outer  border  of  the  muscle. 

Before  examining  the  course  of  the  aorta,  notice  that  a  chain 
of  lymphatic  glands  extends  along  the  brim  of  the  pelvis  and 
the  bodies  of  the  lumbar  vertebrae,  following  the  course  of  the 
great  blood-vessels.  Generally  speaking,  they  are  small;  only  one 
here  and  there  attracts  observation.  They  transmit  the  lymph- 
atics from  the  lower  limbs,  the  abdominal  wall,  and  the  testicle  ; 
and  all  eventually  lead  to  the  receptacuhim  c/iyli,  or  beginning 
of  the  thoracic  duct  (Fig.  74,  p.  199).  This  is  usually  found  on 
the  right  of  the  aorta,  close  to  the  second  lumbar  vertebra. 

Course  and  Relations  of  the  Abdominal  Aorta. — The 
abdominal  aorta  enters  the  abdomen  between  the  crura  of  the 
diaphragm  in  front  of  the  body  of  the  last  thoracic  vertebra,  and 
descends  a  little  to  the  left  side  of  the  front  of  the  spine,  as  low 
as  the  middle  of  the  fourth  lumbar  vertebra,  where  it  divides 
into  the  two  common  iliac  arteries.  It  follows  the  curve  of  the 
lumbar  convexity,  attaining  its  greatest  curve  on  a  level  with 
the  third  lumbar  vertebra.  It  rapidly  lessens  in  size,  owing  to 
the  large  branches  it  gives  off  in  its  course.  The  division  of 
the  aorta  into  the  two  common  iliac  arteries  is  about  the  level 
of  the  highest  point  of  the  crest  of  the  ilium,  and  just  below  the 
left  side  of  the  umbilicus.  The  artery  has  in  front  of  it,  the 
stomach  and  the  lesser  omentum,  the  solar  plexus  surrounding 
the  coeliac  axis,  the  splenic  vein,  the  pancreas,  the  transverse 
portion  of  the  duodenum,  the  left  renal  vein,  the  mesentery, 
the  aortic  sympathetic  plexus,  and  a  chain  of  lymphatic  glands. 
To  the  rigJit  side  of  it,  lie  the  right  crus  of  the  diaphragm,  the 
inferior  vena  cava,  the  thoracic  duct,  the  vena  azygos,  and  the 
right  semilunar  ganglion.  To  the  left  side  of  it,  are  the  left 
crus,  the  left  semilunar  ganglion,  and  the  sympathetic  nerves. 
Behind,  it  rests  on  the  receptaculum  chyli,  the  thoracic  duct, 
the  left  lumbar  veins,  and  the  anterior  common  ligament. 

The  branches  of  the  aorta  still  to  be  examined  arise  from  it 
in  pairs  —  namely,  the  phrenic,  capsular,  renal,  spermatic,  and 
lumbar  (Fig.  175). 

Phrenic  Arteries.  —  These  arteries  supply  the  under  surface  of  the  diaphragm, 
and  occasionally  arise  separately,  usually  by  a  common  trunk,  from  the  aorta, 
after  its  passage  under  the  crura  of  the  diaphragm  (Fig.  175).     The  right  phrenic 
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Fir;.  175.  — Diagram  of  the  Course  and  Relations  of  the  Abdominai.  Aorta  and  Vena 

Cava  Inferior. 

I.    Ilio-hypogastric  nerve.     2.    Ilio-inguinal  n.    3.    External  cutaneous  n.     4-   Anterior  crural  n. 

passes  outwards,  behind  the  liver  and  inferior  vena  cava,  and  then  gets  to  the 
right  side  of  the  caval  opening  in  the  diaphragm  ;  the  left  phrenic  ascends  l)ehind 
the  oesophagus,  and  gets  to  the  left  side  of  the  oesophageal  opening.  Each  as- 
cends, lying  on  its  corresponding  crus,  as  far  as  the  central  tendon,  where  it   di- 
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vides  into  two  branches  :  one,  the  external,  passes  transversely  across  the  tendon 
to  the  side  of  the  diaphragm  ;  the  other,  the  internal  branch,  which  seems  to  be 
the  continuation  of  the  artery,  runs  forward  to  the  anterior  part  of  the  muscle. 
Their  first  branches  are  to  the  supra-renal  capsules  :  then,  the  internal  branch 
of  the  right  gives  off  a  small  branch  to  the  vena  cava,  the  corresponding  branch  of 
the  left  sends  one  to  the  oesophagus.  Moreover,  small  branches  are  distributed 
respectively  to  the  liver  and  to  the  spleen.  They  inosculate  -vsath  each  other,  with 
the  musculo-phrenic  branches  of  the  internal  mammary,  and  the  intercostal  arte- 
ries. The  right  phrenic  vei7i  terminates  in  the  inferior  vena  cava ;  the  left  vein  in 
the  renal  vein,  if  not  in  the  vena  cava. 

Supra-renal  Arteries.  —  The  supra-renal  or  capsular  arteries  are  two  very 
small  branches,  given  off  from  the  aorta,  one  on  each  side,  opposite  to  the  supe- 
rior mesenteric  artery ;  each  runs  upon  the  cms  of  the  diaphragm,  the  right  behind 
the  inferior  vena  cava,  and  is  distributed  to  the  supra-renal  body,  inosculating  ■with 
branches  from  the  renal  and  phrenic  arteries.  The  7-ight  capsular  vein  terminates 
in  the  inferior  vena  cava,  the  left  in  the  left  renal  vein. 

Renal  Arteries  and  Veins.  —  The  renal  arteries  arise  from  the  aorta  imme- 
diately below  the  superior  mesentery  artery,  and  run  transversely  to  the  hila  of  the 
kidneys.  Both  are  covered  by  their  corresponding  veins.  The  right  is  longer  and 
rather  lower  than  the  left,  and  passes  behind  the  vena  cava.  Each,  after  sending 
a  small  branch  to  the  supra-renal  body  and  ureter,  enters  its  kidney,  not  as  a  single 
trunk,  but  by  several  branches,  corresponding  to  the  original  lobes  of  the  organ. 
The  renal  veins  he  in  front  of  the  arteries,  and  join  the  vena  cava  at  right  angles.. 
The  left  is  longer  than  the  right,  and  crosses  over  the  aorta;  it  also  receives  the 
spermatic,  capsular,  and  the  phrenic  veins  of  its  own  side. 

Spermatic  Arteries  and  Veins.  —  The  spermatic  arteries,  two  in  number, 
arise  from  the  front  of  the  aorta,  a  little  below  the  renal,  and  pass  to  the  testes  in 
the  male  and  to  the  ovaries  in  the  female.  Each  runs  down  behind  the  perito- 
neum, obliquely  over  the  psoas,  crossing  over  the  ureter,  and  the  front  of  the  ex- 
ternal iliac  artery  immediately  above  the  crural  arch ;  the  right  arteiy  in  addition 
lying  over  the  vena  cava.  Each  then  passes  through  the  internal  abdominal  ring 
and  inguinal  canal,  with  the  other  constituents  of  the  spermatic  cord,  to  the  testi- 
cle, where  it  becomes  tortuous  and  divides  into  several  branches,  some  of  which 
accompany  the  vas  deferens  and  supply  the  epididymis ;  others  supply  the  testis 
by  piercing  the  tunica  albuginea.  Each  artery  is  accompanied,  below  the  external 
abdominal  ring,  by  a  very  convoluted  plexus  of  veins — pajiipiniform  plexus.  At 
the  inner  ring  they  terminate  in  two  tortuous  veins,  which  unite  before  they  empty 
themselves,  on  the  right  side,  obliquely,  into  the  vena  cava ;  on  the  left  side  at 
right  angles,  into  the  left  renal  vein,  after  passing  behind  the  sigmoid  flexure  of 
the  colon.  In  the  female  the  ovarian  arteries  descend  towards  the  pelvis,  and  lie 
between  the  two  layers  of  the  broad  ligament  to  be  distributedto  the  ovaries,  some 
branches  also  going  to  the  Fallopian  tubes,  and  one  to  the  side  of  the  uterus  to 
anastomose  with  the  uterine  artery  of  the  internal  iliac.  They  likewise  send  small 
offsets  to  the  round  ligament,  and  thence  to  the  skin  of  the  pubes  and  groins. 

Lumbar  Arteries  and  Branches.  —  There  are  usually  five  of  these  arteries 
on  each  side  ;  four  arise  from  the  back  of  the  aorta,  the  fifth  comes  from  the 
arteria  sacra  media.  They  are  analogous  to  the  intercostal  arteries  on  a  small 
scale.  They  proceed  outwards  over  the  bodies  of  the  vertebrae  beneath  the  sym- 
pathetic nerve  and  the  arches  formed  by  the  psoas  muscle ;  the  two  upper  pass 
beneath  the  crura  of  the  diaphragm  ;  those  on  the  right  side  being  also  behind  the 
vena  cava  inferior.  Passing  towards  the  intervertebral  foramina,  they,  like  the 
intercostals,  divide  into  thoracic  and  abdominal  branches. 

The  thoracic  branches  pass  between  the  transverse  processes  of  the  vertebrae, 
accompanied  by  the  posterior  branches  of  the  corresponding  nerves,  and  are  of  a 
size  proportionate  to  the  large  development  of  the  muscles  of  the  back,  which  they 
supply.  They  also  send  spinal  branches,  which  enter  the  spinal  canal  through  the 
intervertebral  foramina;  some  of  these  are  distributed  to  the  anterior  part  of  the 
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Cauda  equina,  and  others  to  the  bodies  of  the  lumbar  vertebrae,  forming  a  series  of 
arches  behind  them. 

The  abdominal  branches  all  run  outwards  behind  the  quadratus  lumborum, 
except  the  last,  which  usually  runs  in  front.  After  supplying  the  quadratus  and 
psoas  they  pass  forwards  between  the  abdominal  muscles  and  supply  the  walls  of 
the  abdomen.*  They  anastomose,  laterally,  with  the  ilio-lumbar  and  circumflex 
iliac  arteries ;  in  front,  with  the  internal  mammary  and  epigastric  arteries ;  and 
abate,  with  the  intercostals. 

The  lumbar  veins  empty  themselves  into  the  vena  cava  inferior,  the  left  pass- 
ing behind  the  aorta. 

The  arteria  sacra  media,  a  diminutive  continuation  of  the  aorta,  proceeds  from 
its  bifurcation,  and  runs  down,  behind  the  left  common  iliac  vein  and  in  front  of 
the  sacrum,  to  the  coccyx.  It  sends  off  the  fifth  lumbar  artery  and  lateral  branches, 
which  anastomose  with  the  lateral  sacral  arteries ;  it  also  supplies  small  vessels  to 
the  posterior  part  of  the  rectum,  which  runs  forwards  between  the  layers  of  the 
meso-rectum.  In  close  connection  with  the  terminal  branch  of  this  artery  at  the 
tip  of  the  coccyx  is  a  small,  roundish  body  called  the  coccygeal  ox  Luschka's  gland.\ 
It  is  about  the  size  of  a  pea,  and  is  placed  between  the  levatores  ani  and  the 
sphincter  ani.  It  is  probably  composed  of  a  plexus  of  small  arteries,  which  are 
surrounded  by  one  or  more  layers  of  granular  polygonal  cells.  The  body  itself  is 
invested  by  connective  tissue,  in  v>"hich  also  some  branches  from  the  ganglion  im- 
par  have  been  traced.  This  gland  should  be  considered  as  an  arterial  gland,  of 
which  the  intercarotic  ganglion  is  another  example. 

The  vera  sacra  media  empties  itself  into  the  left  common  iliac  vein. 

Vena  Cava  Inferior. — The  vena  cava  inferior  is  formed 
by  the  junction  of  the  two  common  iliac  veins,  a  little  to  the 
right  side  of  the  intervertebral  cartilage  between  the  fourth  and 
fifth  lumbar  vertebrae.  It  ascends  in  front  of  the  spine,  in  the 
greater  part  of  its  course  lying  to  the  right  of  the  aorta.  As  it 
approaches  the  diaphragm,  the  vena  cava  inclines  a  little  to  the 
right,  separated  from  the  aorta  by  the  right  crus  of  the  dia- 
phragm. It  is  then  received  into  a  deep  groove  on  the  posterior 
border  of  the  liver,  and  afterwards  passes  through  the  tendinous 
opening  in  the  diaphragm  to  reach  the  right  auricle  of  the  heart. 
Its  relations,  beginning  from  below,  are  —  in  front,  the  mesen- 
tery, the  third  part  of  the  duodenum,  the  pancreas,  the  right 
spermatic  artery,  the  portal  vein,  and  the  liver  ;  behind  it  are 
the  right  renal  artery,  the  right  lumbar  arteries,  the  sympathetic 
of  the  right  side,  and  the  right  phrenic  artery  ;  on  its  left,  is  the 
aorta,  and  higher  up  the  right  crus.  It  receives  the  lumbar 
veins,  the  right  spermatic  (the  left  joins  the  renal),  the  renal, 
the  right  supra-renal,  the  right  phrenic,  and  the  hepatic  veins, 

*  Just  as  the  thoracic  intercostals,  by  communicating  with  the  internal  mam- 
mary, form  an  arterial  ring  round  the  che.st,  so  do  the  lumbar,  by  communicating 
with  the  epigastric,  form  a  similar,  though  le.ss  perfect,  ring  round  the  walls  of  the 
abdomen. 

t   Callender,  British  Medical  Journal,  June  13,  1874. 
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which  are  usually  three  in  number,  one  each  from  the  right  and 
left  lobes,  and  one  from  the  lobulus  Spigelii. 

The  student  should  now  direct  his  attention  to  the  three 
large  muscles  which  are  seen  at  the  back  of  the  abdomen  :  the 
quadratus  lumborum  situated  between  the  last  rib  and  the  crest 
of  the  ileum  ;  the  iliacus  occupying  the  iliac  fossa  ;  and  the 
psoas  magnus  passing  from  the  sides  of  the  lumbar  vertebrae, 
along  the  brim  of  the  pelvis,  and  beneath  Poupart's  ligament, 
to  be  inserted  into  the  lesser  trochanter  of  the  femur.  The 
nerves  should  at  the  same  time  be  cleaned,  and,  if  more  con- 
venient, the  student  might  dissect  the  muscles  on  one  side,  and 
the  nerves  and  arteries  on  the  other. 

Psoas  Fascia. — The  fascia  covering  the  iliacus  and  psoas 
muscles  is  seen  to  be  thin  above  and  thicker  below.  It  consists 
of  two  portions,  the  psoas  and  the  iliac  fascia.  The  psoas 
fascia  is  attached  to  the  sides  of  the  lumbar  vertebrae  and 
their  intervertebral  cartilages,  internally  to  the  sacrum,  and 
above  to  the  ligamentum  arcuatum  internum ;  externally  it  is 
thinner,  and  is  continuous  with  the  fascia  lumborum.  It  is  this 
sheath  which  determines  the  ordinary  course  of  a  psoas  ab- 
scess —  namely,  beneath  the  crural  arch  into  the  upper  part  of 
the  thigh ;  for  it  is  a  rare  exception  when  the  pus  travels  into 
the  pelvis. 

Iliac  Fascia.  —  The  iliac  fascia  covers  the  iliacus  muscle, 
and  is  attached  to  the  inner  lip  of  the  crest  of  the  ilium,  and 
to  the  brim  of  the  pelvis,  through  its  connection  with  the 
sheath  of  the  psoas  and  the  tendinous  insertion  of  the  psoas 
parvus.  Its  most  important  attachment  is  to  the  outer  half  of 
the  crural  arch,  and  it  is  here  directly  continuous  with  the  fascia 
transversalis  (Fig.  162,  p.  434),  so  that  together  they  present 
an  effectual  barrier  to  the  escape  of  intestine  beneath  this  part 
of  the  arch.*  On  the  inner  half  of  Poupart's  ligament  these 
two  fasciae  are  separated  by  the  femoral  vessels,  so  that  the 
fascia  transversalis  lies  in  front  of,  the  fascia  iliaca  behind  the 
artery  and  vein,  thus  forming  their  sheath  as  they  pass  down 
the  thigh.  This  portion  of  the  iliac  fascia  also  forms  a  sheath 
for  the  psoas  and  iliacus  as  far  as  their  insertion,  and  becomes 

*  The  iliac  fossae  are  liable  to  be  the  seat  of  suppuration,  and  the  course  which 
the  pus  takes  depends  upon  its  position  with  regard  to  the  iliac  fascia.  If  the 
pus  be  seated  in  the  loose  cellular  tissue  between  the  peritoneum  and  the  fascia, 
it  usually  advances  just  above  the  crest  of  the  ilium,  or  towards  the  groin  through 
the  inguinal  canal ;  but,  if  seated  beneath  the  fascia,  the  pus  usually  makes  its 
way  under  the  crural  arch  towards  the  upper  and  outer  part  of  the  thigh. 
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continuous  with  the  iliac  portion  of  the  fascia  lata.  Internally 
the  iliac  fascia  is  attached  to  the  linea  ilio-pectinea,  where  it 
becomes  continuous  with  the  pubic  portion  of  the  fascia  lata. 
The  external  iliac  artery  and  vein  lie  in  front  of  the  fascia, 
while  the  anterior  crural  nerve  is  behind  it. 

These  fascias  are  now  to  be  dissected  off,  when  the  psoas  and 
iliacus  will  be  completely  exposed. 


Fig.  176.  —  Psoas,  Iliacus,  and  Quadratus  Lumborum  Muscles. 

I.  Psoas  parvus.  2.  Its  tendon  cut  at  its  attachment  to  iliac  fascia.  3.  Psoas  magnus.  4.  Its 
origin  from  the  body  of  the  twelfth  thoracic  vertebra.  5,5,5,5-  Its  origin  from  the  four  lumbar 
vertebr-T;,  showing  the  fibrous  arcii  for  each.  6.  Tendon  of  insertion  to  the  lesser  trochanter. 
7,7.  iliacus.  8,8.  Inferior  and  external  fibres,  inserted  on  an  anterior  plane  below  the  lesser 
trochanter.  9,  g.  Rectus  femoris.  10,  10.  Obturator  externus.  11.  Quadratus  lumborum. 
12,  12,  12,  12.  Posterior  fasciculi  attached  to  the  transverse  processes  of  the  four  upper  lumbar 
vertebrx-  ;  the  long  fasciculi  covering  these  processes  have  been  removed,  to  allow  the  pos- 
terior to  be  seen.  13.  The  external  fasciculi  larger  than  the  posterior  are  inserted  into  the 
twelfth  rib  by  a  short  aponeurosis.  14,  14.  Transversalis.  15.  llio-lumbar  ligament.  16.  The 
two  crura  of  the  diaphragm. 

Psoas  Magnus.  — This  long  muscle  arises  by  five  muscular 
fasciculi  from  the  transverse  processes  of  all  the  lumbar  verte- 
brae, also  from  the  bodies  of  the  last  thoracic  and  all  the 
lumbar  vertebrai  and  their  intervening  fibro-cartilages,  but  only 
from  the  projecting  borders  of  their  bodies,  not  from  the  central 
concave  part ;  here  the  fibres  arise  from  tendinous  arches  thrown 
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over  the  lumbar  vessels.  The  muscle  descends  vertically  along 
the  brim  of  the  pelvis,  beneath  or  dorsad  to  the  crural  arch  into 
the  thigh,  and  is  inserted  by  a  strong  tendon  into  the  back 
part  of  the  lesser  trochanter  of  the  femur.  Ventrally,  the 
psoas  has  in  relation  with  it  the  psoas  fascia,  the  ligamentum 
arcuatum  internum,  the  common  and  external,  iliac  artery  and 
vein,  the  kidney  and  ureter,  the  spermatic  vessels,  the  genito- 
crural  nerve,  the  colon,  the  renal  vessels,  the  vas  deferens,  the 
psoas  parvus  when  present ;  dorsad  to  it  are  the  ilium,  the 
transverse  processes  of  the  lumbar  vertebrae,  the  quadratus 
lumborum,  the  anterior  or  ventral  layer  of  the  transversalis 
aponeurosis,  the  lumbar  plexus  of  nerves,  and  the  obturator 
nerve,  which  lower  down  runs  along  the  mesial  border  of  the 
muscle ;  mesially  are  —  the  crus  of  the  diaphragm,  the  bodies 
of  the  lumbar  vertebrae,  the  lumbar  arteries,  the  lumbar  glands, 
and  the  sympathetic  nerves ;  mesially  the  left  psoas  is  the 
aorta,  and  to  that  of  the  right  psoas  is  the  inferior  or  caudal 
vena  cava.  Towards  its  insertion  the  tendon  of  the  psoas  lies 
between  the  iliacus  and  pectineus.  The  action  of  the  muscle 
considered  with  the  femur  vertical,  or  nearly  so,  and  horizontal, 
or  femur  flexed  at  90°,  during  flexion,  perform  the  following : 
Vertical.  External  or  lateral  rotation  its  natural  position ; 
internal  or  mesial  rotation  ;  external  or  lateral  rotation  during 
adduction  from  position  of  abduction  ;  internal  or  mesial  rotation 
during  abduction  ;  adduction  ;  abduction  during  adduction  ;  ab- 
duction during  internal  or  mesial  rotation  ;  adduction  during 
external  or  lateral  rotation  ;  flexion.  Horizontal  or  femur 
flexed  at  90°  external  or  lateral  rotation  ;•  internal  or  mesial 
rotation ;  adduction ;  flexion.  During  Flexion,  external  or 
lateral  rotation ;  internal  or  mesial  rotation  during  internal  or 
mesial  rotation.* 

As  it  passes  under  or  dorsad  to  the  crural  arch,  the  tendon 
of  the  psoas  lies  immediately  over  or  ventrad  to  the  capsule  of 
the  hip-joint,  and  there  is  a  large  bursa  between  them  to  facili- 
tate the  play  of  the  tendon.  It  should  be  borne  in  mind  that 
occasionally,  even  in  young  subjects,  but  more  frequently  in 
old  ones,  in  consequence  of  wear  and  tear,  this  bursa  commu- 
nicates with  the  hip-joint.  The  fact  is  important,  for  it  explains 
how  a  psoas  abscess  sometimes  makes  its  way  into  the  hip-joint, 
a  result  frequently  fatal. 

*  Prize  essay  on  "  Rotators  of  the  Femur  and  their  other  Functions,"  Phil. 
Med.  Jour..,  i.  i.  '99.     Dr.  Eb.  H.  Thomas,  of  Philadelphia. 
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Psoas  Parvus.  — Once  in  about  eight  or  ten  subjects  there 
is  a  small  muscle  called  the  psoas  parvus  placed  superficially 
to  the  preceding  muscle.  It  arises  from  the  sides  of  the  bodies 
of  the  last  thoracic  and  the  first  lumbar  vertebrae,  and  the 
intervening  fibro-cartilage ;  thence,  descending  in  front,  and  to 
the  inner  side  of  the  psoas  magnus,  it  ends  in  a  long  flat  tendon, 
which  spreads  out,  and  is  itiscrtcd  into  the  linea  ilio-pectinea. 

Iliacus.  —  The  iliacus  arises  from  the  iliac  fossa,  the  inner 
lip  of  the  crest  of  the  ilium,  the  ilio-lumbar  ligament,*  the 
base  of  the  sacrum,  and  the  anterior  superior  spine  of  the 
ilium  ;  below,  also  from  the  anterior  inferior  spine  and  from 
the  capsule  of  the  hip-joint.  The  fibres  converge  beneath  to 
the  crural  arch,  and  are  inserted  mainly  into  the  outer  side 
of  the  tendon  of  the  psoas,  and  partly  into  the  triangular  sur- 
face of  the  femur,  below  and  anterior  to  the  lesser  trochanter. 
Thus  th^  two  muscles,  so  far  as  their  action  goes,  may  be 
considered  as  one,  and  are  sometimes  called  the  ilio-psoas. 

The  iliacus  in  the  abdomen  is  in  relation,  ventrally,  with  the 
iliac  fascia,  the  external  cutaneous  and  crural  nerves,  with  the 
caecum  on  the  right,  and  with  the  sigmoid  flexure  on  the  left 
side  ;  dorsally,  it  is  in  contact  with  bone  ;  on  its  mesial  side  is 
the  psoas.  In  the  thigh  it  is  in  relation,  ventrally,  with  the 
rectus,  the  sartorius,  the  fascia  lata,  the  crural  nerve,  the 
profunda  femoris,  and  the  external  circumflex  arteries  ;  dorsally, 
with  the  capsular  ligament  of  the  hip-joint ;  on  the  mesial 
side,  with  the  psoas ;  and  on  the  lateral  with  the  crureus 
and  vastus  internus  muscles. 

The  combined  action  of  the  psoas  and  iliacus  is  to  assist  in 
raising  the  body  from  the  recumbent  position,  and  to  fix  the 
pelvis  steadily  on  the  thigh  ;  this  supposes  the  fixed  point  to 
be  at  the  trochanter  minor.  The  action  of  the  iliacus,  con- 
sidered in  the  vertical  or  hanging  position,  and  horizontal  or 
flexed  at  90°,  during  flexion,  performs  the'  following :  Vertical. 
Internal  or  mesial  rotation  ;  abduction  ;  flexion.  Horizontal 
or  femur  flexed  at  90°  ;  neutral,  opposing  slightly  abduction  and 
adduction  ;  internal  or  mesial  rotation  ;  external  or  lateral  rota- 
tion ;  flexion.  During  Flexion,  mesial  rotation ;  external 
rotation  when  preceded  by  external  rotation  of  about  30°. 

Quadratus  Lumborum  and  its  Sheath. — This  quadrilat- 
eral muscle  extends  from  the  crest  of  the  ilium  to  the  last  rib, 

*  This  ligament  extends  from  the  transverse  process  of  the  last  lumbar  ver- 
tebra: to  the  ilium. 
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and  is  contained  in  a  sheath  formed  for  it  by  the  aponeurotic 
origin  of  the  transversalis  (Fig.  176).  The  anterior  layer  of 
its  sheath  is  attached  to  the  roots  of  the  trajisverse  processes 
of  the  lumbar  vertebrae,  and  the  posterior  layer  to  their  sum- 
mits. The  muscle,  broader  below  than  above,  arises  by  two 
portions*  —  one  from  the  ilio-lumbar  ligament  and  from  the 
crest  of  the  ilium  for  two  inches  (5  cm)  external  to  it,  and  is 
inserted  into  the  last  rib,  and  by  tendinous  slips  into  the  apices 
of  the  transverse  processes  of  the  upper  four  lumbar  vertebras ; 
the  other  portion  of  the  muscle  arises  from  the  transverse 
processes  of  the  third,  fourth,  and  fifth  lumbar  vertebrae,  and 
is  inserted  into  the  lower  margin  of  the  last  rib,  in  front  of  the 
preceding  portion.  The  principal  use  of  the  muscle  is  to  steady 
the  spine ;  it  also  steadies  the  last  rib,  and  enables  it  to  serve 
as  a  fixed  point  for  the  action  of  the  intercostal  muscles  and 
the  diaphragm. f 

By  raising  the  quadratus,  we  observe  the  aponeurotic  origin 
of  the  transversalis  from  the  summits  of  the  transverse  pro- 
cesses ;  this  constitutes  the  posterior  part  of  its  sheath,  and 
separates  the  muscle  from  the  erector  spinas. 

Action  of  Quadratus  Lumborum. —  This  muscle  acting 
from  the  pelvis  will  draw  down  the  last  rib,  and  also  laterally 
flex  the  thorax ;  the  rib  being  fixed  it  will  flex  the  pelvis  later- 
ally on  the  vertebral  column.  —  A.  H. 

Common  Iliac  Arteries  and  Veins.  —  The  abdominal  aorta 
divides,  in  front  of  the  left  side  of  the  fourth  lumbar  vertebra, 
into  two  great  branches,  termed  the  common  iliac  arteries. 
They  diverge  at  an  acute  angle,  and  after  a  course  of  about 
two  inches  (5  cm.)  downwards  and  outwards,  each  divides,  over 
the  sacro-iliac  symphysis,  into  the  external  and  internal  iliac 
arteries.  They  lie  upon  the  bodies  of  the  fourth  and  fifth 
lumbar  vertebrae.     The  right  common  iliac  is  rather  larger  than 

*  Testut  and  some  American  teachers  describe  this  muscle  in  three  portions, 
i.e.,  '■'■  ilio-costaV  portio7t  from  the  crest  of  the  ilium  to  the  last  rib;  '■'■  ilio-traiis- 
verse  "  portion  from  the  ilio-lumbar  ligament  to  the  transverse  processes  of  first, 
second,  and  third  lumbar  vertebrae ;  "  costo-transverse  "  portion  from  the  last  rib 
to  the  transverse  processes  of  second,  third,  fourth,  and  fifth  lumbar  vertebrae. 
—  A.  H. 

t  The  respective  attachments  of  the  quadratus  lumborum,  the  crossing  of  its 
fibres,  and  its  mode  of  action,  lead  to  the  inference  that  it  is  a  large  intercostal 
muscle.  It  is  worth  remembering  that  the  outer  edge  of  the  quadratus  lumborum, 
in  a  well-grovFn  adult,  is  about  three  inches  (7.5  ctn.)  from  the  spines  of  the  lum- 
bar vertebrae,  and  midway  between  the  last  rib  and  the  crest  of  the  ilium.  It  is 
just  outside  the  edge  of  this  muscle  that  we  can  cut  down  to  open  the  large  bowel 
without  wounding  the  peritoneum, 
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the  left.  They  are  covered  in  front  by  peritoneum,  they  are 
crossed  by  branches  of  the  sympathetic  to  form  the  hypogastric 
plexus,  and  they  are  crossed  at  or  near  their  division  by  the 
ureters  ;  on  the  outer  side  they  are  in  relation  with  the  psoas. 
So  far,  then,  the  relations  of  both  common  iliac  arteries  are 
similar.     But  each  has  its  special  relations  as  follows  :  — 

The  special  relations  of  the  rigJit  common  iliac  are,  that  it 
has  behind  it  the  two  common  iliac  veins,  which  separate  it 
from  the  fifth  lumbar  vertebra  ;  on  its  outer  side,  it  has,  above, 
the  inferior  vena  cava ;  below,  the  right  common  iliac  vein. 

The  special  relations  of  the  left  common  iliac  are,  that  it  has 
in  front  of  it  the  end  of  the  sigmoid  flexure  of  the  colon,  and 
the  superior  hasmorrhoidal  artery ;  and  to  its  ijuier  side,  the  left 
common  iliac  vein,  which  gradually  gets  more  behind  it  towards 
the  sacro-iliac  symphysis. 

The  relations  of  these  arteries  with  regard  to  their  corre- 
sponding veins  are  practically  important  in  reference  to  the 
operation  of  tying  them.  This  operation  is,  obviously,  easier 
on  the  left  side  than  the  right.* 

If  the  common  iliac  artery  were  ligatured,  the  collateral  cir- 
culation would  be  maintained  through  the  following  vessels  : 
by  the  internal  mammary  anastomosing  with  the  deep  epigastric 
a.  ;  by  the  lumbar  arteries  with  the  circumflex  iliac  and  the  ilio- 
lumbar a. ;  by  the  lumbar  with  the  gluteal  ;  by  the  middle 
sacral  with  the  lateral  sacral  a. ;  by  the  spermatic  with  the 
deferential,  cremasteric,  external  pudic,  and  superficial  perineal 
arteries  ;  by  the  superior  haemorrhoidal  with  the  middle  and 
inferior  haemorrhoidal  a.  ;  by  the  lower  intercostals  with  the 
epigastric  a.  (superficial  and  deep)  ;  and  by  the  middle  and 
inferior  haemorrhoidal,  the  pudic  and  its  branches,  and  the  vesi- 
cal arteries  communicating  in  the  middle  line  with  the  corre- 
sponding branches  of  the  opposite  side. 

External  Iliac  Artery.  —  The  external  iliac  artery,  the  con- 
tinuation of  the  preceding  artery,  passes  along  the  brim  of  the 
pelvis,  first  on  the  inner  side,  and  then  in  front  of  the  psoas. 

*  The  length  of  the  common  iliac  artery  is  apt  to  vary  in  different  persons. 
We  have  seen  it  from  three-fourths  of  an  inch  to  three  and  a  half  inches  (/<?  mm. 
to  8.8  cm.)  long.  These  varieties  may  arise  either  from  a  high  division  of  the  aorta, 
or  a  low  division  of  the  common  iliac,  or  both.  It  is  impossible  to  ascertain, 
beforehand,  its  length  in  any  given  instance,  as  there  is  no  necessary  relation 
between  its  length  and  the  height  of  the  adult  individual.  It  is  often  very  short 
in  men  of  tall  stature,  and  vice  versa.  The  left  is  usually  descril)ed  as  rather 
longer  than  the  right;  but,  from  the  examination  of  one  hundred  bodies,  our 
conclusion  is  that  their  average  length  is  the  same. 
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Lower  down  it  passes  under  the  crural  arch,  midway  between 
the  anterior  superior  spine  of  the  ihum  and  the  symphysis  pubis, 
where  it  takes  the  name  of  femoral.  The  artery  has  in  front 
of  it,  the  peritoneum,  the  intestines,  and  a  sheath  derived  from 
the  iliac  fascia  investing  the  artery  and  the  vein ;  it  has  also 
the  spermatic  vessels  in  front,  and  it  is  crossed  by  a  branch  of 
the  genito-crural  nerve,  the  deep  circumflexa  ilii  vein,  and  the 
vas  deferens  ;  behind,  it  is  in  relation  with  the  psoas  magnus 
and  corresponding  vein,  which  lies  also  on  the  inner  side  of  the 
artery ;  the  iliac  fascia  also  lies  behind  the  vessels,  but  a  thin 
layer  of  fascia  derived  from  it  is  continued  over  them  ;  inter- 
nally, it  has  the  corresponding  vein,  and  low  down,  towards 
Poupart's  ligament,  the  vas  deferens ;  externally,  it  has  the 
psoas  magnus  and  the  iliac  fascia.  In  front  of  and  on  the  inner 
side  of  the  artery  is  a  chain  of  lymphatic  glands. 

The  branches  given  off  by  this  artery  are:  — 

a.  Small  branches  to  the  psoas  and  lymphatic  glands. 

b.  The  deep  epigastric,  already  described  (p.  435). 

c.  The  deep  circumflexa  ilii,  which  arises  from  the  outer  side  of  the  artery,  just 
above  the  crural  arch,  and,  ascending  upwards  towards  the  anterior  superior  spine 
of  the  ilium  in  a  sheath  formed  by  the  fascia  iliaca,  runs  along  the  inner  aspect  of 
the  iliac  crest,  and  subsequently  perforates  the  transversalis  muscle.*  In  the 
dissection  of  the  abdominal  muscles  (p.  436),  the  continuation  of  it  was  seen 
skirting  the  crest  of  the  ilium  between  the  internal  oblique  and  the  transversalis, 
and  sending  a  branch  upwards  between  these  muscles  for  their  supply.  The  main 
trunk,  much  reduced  in  size,  inosculates  vnth  the  ilio-lumbar  derived  from  the 
internal  iliac. 

Sympathetic  Nerve.  —  The  general  plan  upon  which  the 
sympathetic  nerve  is  arranged  has  been  noticed  in  the  dissec- 
tion of  the  neck  (p.  172).  The  lumbar  portion  of  it  must  now 
be  examined. 

The  lumbar  portion  of  the  sympathetic  descends  on  each 
side  in  front  of  the  bodies  of  the  lumbar  vertebrae,  along  the 
inner  border  of  the  psoas.  The  nerve  has  an  oval  ganglion  of 
grayish  color  opposite  each  lumbar  vertebra,  so  that  there  are 
either  four  or  five  of  them  on  each  side.  These  ganglia  are 
connected  together  by  small  filaments  of  a  white  color,  and 
each  ganglion  receives,  on  its  outer  side,  two  branches  from  the 
corresponding  spinal  nerve,  as  in  the  chest ;  other  branches  pass 
inwards,  and  form  in  front  of  the  aorta —  the  aortic  plexus  ;  and 
some  pass  downwards  over  the  common  iliac  arteries  to  form 
the  hypogastric  plexus. 

*  The  course  of  this  artery  should  be  borne  in  mind  in  opening  ihac  abscesses. 
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Solar  Plexus  and  the  Semilunar  Ganglia. — The  solar  ox 
epigastric  plcxiis  is  situated  in  front  of  the  aorta,  and  surrounds 
the  coehac  axis  in  a  dense  network  of  nerve  filaments,  in  which 
are  several  ganglia.  It  receives  the  great  splanchnic  nerves, 
part  of  the  lesser  splanchnic,  and  some  branches  from  the 
pneumogastric  nerves.  The  solar  plexus  gives  off  filaments 
which  form  plexuses  surrounding  the  various  branches  of  the 
abdominal  aorta,  and  are  as  follows :  — 

Diaphragmatic.  Supra-renal. 

Coeliac.  Renal. 

Gastric.  Spermatic. 

Hepatic.  Superior  mesenteric. 

Splenic.  Inferior  mesenteric. 
Hypogastric. 

The  diaphragmatic  plexus  is  derived  from  the  upper  part  of  the  semilunar 
ganglion,  and  is  larger  on  the  right  than  on  the  left  side.  It  joins  with  some 
filaments  of  the  phrenic  nerve,  and  whilst  in  relation  with  the  supra-renal  body 
it  gives  off  some  branches  to  it.  The  right  plexus  has  a  small  ganglion  in  it  — 
diaphragynatic  ganglion  —  and  sends  off  filaments  to  the  vena  cava  inferior  and  to 
the  hepatic  plexus. 

The  coeliac  plexus  receives  branches  from  the  lesser  splanchnic  nerve,  and,  on 
the  left  side,  it  receives  a  filament  from  the  right  pneumogastric  nerve.  It  divides 
into  the  gastric,  hepatic,  and  splenic  plexuses,  which  ramify  on  the  corresponding 
arteries  and  their  branches ;  the  gastric  plexus  receives  in  addition  filaments  from 
the  pneumogastric  nerves;  the  hepatic  plexus,  the  largest,  is  joined  by  branches 
from  the  left  pneumogastric  and  right  phrenic  nerves,  and  it  distributes  filaments 
to  the  right  supra-renal  plexus ;  the  splenic  plexus  is  formed  by  branches  from  the 
left  semilunar  ganglion  and  the  right  pneumogastric  nerve. 

The  supra-renal  plexus  is  formed  by  branches  from  the  solar  plexus,  the  semi- 
lunar ganglion,  and  the  diaphragmatic  plexus,  and  is  larger  on  the  right  than  on 
the  left  side. 

The  renal  plexus  consists  of  numerous  filaments  from  the  semilunar  ganglion, 
and  from  the  solar  and  aortic  plexuses;  it  is  also  reinforced  by  branches  from  the 
splanchnic  nerves.     From  this  plexus  is  given  off  — 

The  spermatic  plexus,  which  likewise  receives  filaments  lower  down  from  the 
aortic  plexus;  in  the  female  it  takes  the  name  of  the  ovariaii plexus. 

The  superior  mesenteric  plexus  receives,  in  addition  to  its  branches  from  the 
solar  plexus,  some  filaments  from  the  right  pneumogastric  nerve  and  the  coeliac 
plexus.  It  is  the  densest  of  all  the  plexuses  derived  from  the  solar  plexus,  and  it 
breaks  up  into  secondary  plexuses  corresponding  to  the  branches  of  the  artery  of 
the  same  name. 

The  inferior  mesenteric  plexus  comes  mainly  from  the  left  side  of  the  aortic 
plexus. 

hypogastric  Plexus. — The  hypogastric  plexus  is  situated 
between  the  common  iliac  arteries  on  the  last  lumbar  vertebra 
and  the  sacrum.  It  consists  of  an  intricate  interlacement  of 
sympathetic  filaments,  which  pass  down  into  the  pelvis,  for  the 
supply  of  the  pelvic  viscera.  Although  this  plexus  is  so  intri- 
cate it  presents  no  distinct  ganglia.  As  it  passes  down  it 
receives   branches  from  some  of  the  spinal  nerves,  but  mainly 
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from  the  third  and  fourth  sacral  nerves.  From  this  large  plexus 
are  derived  secondary  plexuses,  which  ramify  around  branches 
of  the  internal  iliac  artery:  thus  there  are,  the  inferior  hae- 
morrhoidal  plexus,  the  vesical,  the  uterine,  the  ovarian,  the 
prostatic,  and  the  vaginal ;  all  of  which  send  filaments  which 
accompany  the  smallest  branches  of  the  arteries. 

Lumbar  Plexus  of  Nerves. — -The  lumbar  plexus  is  formed 
by  the  union  of  the  anterior  branches  of  the  four  upper  lumbar 

nerves,  and  is  frequently  connected 
with  the  last  dorsal  nerve  by  a  small 
loop  —  the  dorsi-lumbar  nerve.  The 
fifth  does  not  enter  into  the  formation 
of  this  plexus,  but  joins  the  sacral 
plexus  under  the  name  of  the  lumbo- 
sacral cord.  The  plexus  lies  over  the 
transverse  processes  of  the  correspond- 
ing vertebras,  embedded  in  the  sub- 
stance of  the  psoas,  so  that  this  muscle 
must  be  dissected  away  before  the 
plexus  can  be  seen.  Like  the  brachial 
plexus,  the  nerves  composing  it  succes- 
sively increase  in  size  from  above.  Its 
branches  are  five  in  number,  and  arise 
in  the  following  order  {Fig.  177). 

a.  The  first  lumbar  nerve  generally 
divides  into  two  branches,  the  upper 
being  the  ilio-hypogastric,  the  lower  the 
ilio-inguinal.  They  pass  downwards 
and  outwards  nearly  parallel  with  each 
other,  cross  obliquely  over  the  quadra- 
tus  lumborum  to  the  crest  of  the  ilium, 
and  then. separate. 


Fig.  177.  —  Plan  of  the  Lumbar 
Plexus  and  Branches. 

a.  Ilio-hypogastric  n.  b.  Ilio-in- 
guinal n.  c.  External  cutaneous 
n.  d.  Anterior  crural  n.  e.  Cru- 
ral branch  of  genito-crural  n.  f. 
Obturator  n.  g.  Genital  branch 
of  genito-crural  n.  h.  Lumbo- 
sacral n.  I.  First  lumbar  n.  2. 
Second  lumbar  n.  3.  Third  lum- 
bar n.  4.  Fourth  lumbar  n.  5. 
Fifth  lumbar  n. 


The  ilio-hypogastric  verve  emerges  from  the 
outer  border  of  the  psoas,  and  crossing  the  quad- 
ratus  lumborum,  passes  forwards  to  the  crest  of 
the  ilium,  where  it  pierces  the  transversalis  and  divides  into  its  two  terminal 
branches  —  the  iliac  branch,  which  pierces  the  internal  and  external  oblique 
muscles  and  supplies  the  skin  over  the  gluteal  region,  behind  the  last  thoracic 
nerve ;  and  the  hypogastric  branch,  which  runs  forwards  between  the  transversalis 
and  internal  oblique,  and  then  perforates  the  aponeurosis  of  the  external  oblique 
to  supply  the  skin  of  the  hypogastric  region. 

The  ilio-inguinal  nerve  —  the  smaller  —  comes  through  the  psoas  and  perforates 
the  transversalis  close  to  the  front  of  the  iliac  crest,  where  it  communicates  with 
the  preceding  nerve.  It  then  pierces  the  internal  oblique,  and  lying  in  front  of 
the  spermatic  cord,  comes  out  through  the  external  abdominal  ring  and  supplies 
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the  skin  of  the  inner  and  upper  part  of  the  thigh,  of  the  penis  and  scrotum  in  the 
maJe,  and  of  the  labium  in  the  female. 

The  genito-criiral  nerve  is  small,  and  comes  from  the  second  lumbar,  and  by  a 
few  filaments  from  the  communicating  branch  of  the  first.  After  perforating  the 
psoas,  it  Ues  for  a  short  distance  upon  its  anterior  surface,  and  then  runs  down 
along  the  outer  side  of  the  external  ihac  artery.  Near  the  crural  arch  it  divides 
into  the  genital  branch  [g),  which  runs  down  on  the  external  iliac  artery,  and, 
piercing  the  fascia  transversalis,  descends  through  the  internal  abdominal  ring, 
along  the  inguinal  canal,  on  the  posterior  aspect  of  the  spermatic  cord  ;  it  supplies 
the  cremaster  in  the  male,  and  the  round  ligament  in  the  female ;  and  the  crural 
branch  (t-),  which  proceeds  under  the  crural  arch,  enters  the  sheath  of  the  femoral 
vessels,  and,  piercing  the  anterior  layer  of  the  sheath,  just  external  to  the  artery, 
is  lost  in  the  skin  of  the  upper  part  of  the  front  of  the  thigh ;  here  it  communi- 
cates vA\.\\  the  middle  cutaneous  nerve  and  supplies  also  a  few  filaments  to  the 
femoral  artery,  where  it  perforates  the  sheath  of  that  vessel. 

The  external  cutaneous  nerve  of  the  thigh  (c)  is  generally  derived  from  the  loop 
between  the  second  and  third  lumbar  nerves.  It  runs  through  the  psoas,  then, 
crossing  obHquely  over  the  iliacus  towards  the  anterior  superior  spine  of  the 
ilium,  passes  beneath  the  crural  arch,  and  is  finally  distributed  to  the  skin  on  the 
outside  of  the  thigh.  If  the  external  cutaneous  be  not  found  in  its  usual  situation, 
look  for  it  as  a  distinct  branch  of  the  anterior  cniral,  nearer  the  psoas  muscle. 

The  anterior  crural  (</),  the  largest  and  most  important  branch,  is  formed  by 
the  union  of  the  third  and  fourth  lumbar  nerves,  receiving  a  small  branch  from 
the  second.  It  descends  in  a  groove  between  the  psoas  and  the  iliacus  behind 
the  fascia  iliaca,  supplies  both  these  muscles  and  a  branch  to  the  femoral  artery, 
and  then,  passing  under  the  crural  arch  to  the  outer  side  of  the  femoral  artery,  is 
finally  distributed  to  the  extensor  muscles  of  the  knee,  to  the  sartorius  and  pecti- 
neus,  and  the  skin  of  the  thigh  and  leg. 

The  obturator  nerve  (f),  next  in  size  to  the  anterior  crural,  proceeds  from  the 
third  and  fourth  lumbar  nerves,  and  sometimes  from  the  second.  It  descends 
through  the  psoas  muscle,  and  then,  getting  to  its  inner  border,  runs  along  the 
brim  of  the  pehds  above  its  corresponding  vessels  to  the  obturator  foramen, 
through  the  upper  part  of  which  it  passes  to  the  adductor  muscles  of  the  thigh. 

The  accessory  obturator  nerve,  by  no  means  a  constant  branch,  is  derived  from 
the  third  and  fourth  lumbar  nerves,  and  sometimes  from  the  obturator  nerve.  It 
runs  down  along  the  inner  border  of  the  psoas,  passes  in  front  of  the  horizontal 
ramus  of  the  os  pubis,  supplies  the  pectineus,  and  gives  off  a  small  branch  to  the 
hip-joint,  and  another  to  communicate  with  the  anterior  branch  of  the  obturator 
nerve. 

Postponing  the  minute  anatomy  of  the  abdominal  viscera,  begin  the  examina- 
tion of  the  contents  of  the  pelvis. 

DISSECTION    OF   THE    PELVIC   VISCERA. 

The  functions  of  the  pelvis  are  to  protect  its  own  viscera ; 
to  support  those  of  the  abdomen  ;  to  give  attachment  to  the 
muscles  which  steady  the  trunk  ;  to  transmit  the  weight  of 
the  trunk  to  the  lower  limbs,  and  to  give  origin  to  the  mus- 
cles which  move  them.  In  adaptation  to  these  functions,  the 
form  of  the  pelvis  is  that  of  an  arch,  with  broadly  expanded 
wings  at  the  sides,  and  projections  in  appropriate  situations  to 
increase  the  leverage  of  the  muscles.  The  sacrum,  impacted 
between  the  ilia,  represents  the  keystone  of  the  arch,  and  is 
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capable  of  supporting  not  only  the  trunk,  but  great  burdens 
besides.  The  sides  or  pillars  are  represented  by  the  ilia ;  these 
transmit  the  weight  to  the  heads  of  the  thigh-bones,  and  are 
thickest  and  strongest  just  in  that  line,  i.e.,  the  brim  of  the 
pelvis,  along  which  the  weight  is  transmitted.  Moreover,  to 
effect  the  direct  transmission  of  the  weight,  the  plane  of  the 
arch  is  oblique.  This  obliquity  of  the  pelvis,  its  hollow  ex- 
panded sides,  its  great  width,  the  position  and  strength  of  the 
tuberosities  of  the  ischia,  are  so  many  proofs  that  man  is 
adapted  to  the  erect  posture. 

The  general  conformation  of  the  pelvis  in  the  female  is  modi- 
fied, so  as  to  be  adapted  to  utero-gestation  and  parturition.  Its 
breadth  and  capacity  are  greater  than  in  the  male.  Its  depth  is 
less.  The  alae  of  the  iliac  bones  are  more  expanded.  The  pro- 
jection of  the  sacrum  is  less  perceptible,  and  consequently  the 
brim  is  more  circular.  The  depth  of  the  symphysis  pubis  is 
less,  the  span  of  the  pubic  arch  is  wider.  The  bones,  too,  are 
thinner,  and  the  muscular  impressions  less  strongly  marked. 

The  cavity  of  the  pelvis  being  curved,  the  axis,  or  a  central 
line  drawn  through  it,  must  be  curved  in  proportion.  For  all 
practical  purposes,  it  is  sufficient  to  remember  that  the  axis  of 
the  pelvis  corresponds  with  a  line  drawn  from  the  anus  to  the 
umbilicus.* 

Contents  of  the  Male  Pelvis. — The  male  pelvis  contains 
the  last  part  of  the  intestinal  canal  (named  the  rectum),  the 
bladder  with  the  prostate  gland  at  its  neck,  and  the  vesiculae 

*  In  a  ■well-formed  female  the  base  of  the  sacrum  is  3S  inches  higher  than  the 
upper  part  of  the  symphysis  pubis,  and  the  point  of  the  coccyx  is  rather  more  than 
half  an  inch  higher  than  the  lower  part  of  the  symphysis.  The  obliquity  of  the 
pelvis  is  greatest  in  early  life.  In  the  foetus,  and  in  young  children,  its  capacity 
is  small,  and  the  viscera,  which  subsequently  belong  to  it,  are  situated  in  the 
abdomen. 

The  relative  diameters  of  the  male  and  jthe  female  true  pelvis  are  as  follows:  — 


Male. 

Female. 

Brim. 

Cavity. 

Outlet. 

Bnm. 

Cavity. 

Outlet. 

Transverse  .     . 
Oblique   .     .     . 
Antero-posterior 

In.       Cm. 

45    (1 1.3) 
43    (10.6) 
4      (lO.O) 

In.      Cm. 

45   (1 1-3) 
45   (11.3) 
45   (11.3) 

In.      Cm. 
35  (  8.8) 
4     (lo.o) 
3J  (  8.1) 

In.      Cm. 
5i  (I3-I) 

5    (I2.S) 
45  (11-3) 

In.      Cm. 

5    (12.5) 
5^  (I3-I) 
5i  (I3-I) 

In.      Cm. 
4I    (II.8) 
4t  (II. 8) 
5    (12.5) 
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seminales.  If  the  bladder  be  empty,  some  of  the  small  intes- 
tine will  be  in  the  pelvis  ;  not  so  if  the  bladder  be  distended. 

The  relative  positions  of  these  pelvic  viscera  are  as  follows  : 
most  posteriorly  is  the  rectum,  which  follows  the  curve  of  the 
sacrum  and  coccyx,  and  ends  at  the  anus  ;  immediately  in  front 
is  the  oval  hollow  viscus,  the  bladder,  which  alters  in  size  and 
position  according  to  the  amount  of  urine  it  contains  ;  in  front 
of  the  bladder,  surrounding  its  neck,  and  behind  the  os  pubis,  is 
the  prostate  gland.  Placed  beneath  the  bladder  are  the  vesi- 
culae  seminales,  and  curving  round  the  sides  of  the  bladder  are 
the  vasa  deferentia,  which  subsequently  lie  beneath  the  base  of 
the  bladder.  Passing  downwards  and  inwards  over  the  brim  of  the 
pelvis  are  the  ureters,  which  likewise  get  beneath  the  fundus 
vesicae.  The  bladder  and  the  rectum  are  partially  invested  with 
peritoneum.  Besides  the  pelvic  viscera  just  enumerated,  there 
are  found,  to  the  outer  part  of  the  pelvic  cavity,  the  internal 
iliac  artery  and  its  branches,  and  the  sacral  plexus  of  nerves, 
with  the  obturator  nerve  running  forwards  to  the  obturator 
foramen.  All  the  pelvic  viscera  are  more  or  less  invested  by 
prolongations  from  the  pelvic  fascia,  which  constitute  some  of 
the  true  ligaments  of  the  bladder ;  also  a  capsule  for  the  pros- 
tate, and  coverings  for  the  pelvic  muscles.  The  superior 
haemorrhoidal  artery,  the  continuation  of  the  inferior  mesenteric, 
passes  down  into  the  pelvis,  and  supplies  the  upper  half  of  the 
rectum.  Some  of  these  structures  will  now  be  described,  while 
others  can  be  better  dissected  in  the  side  view  of  the  pelvis. 

Course  of  the  Rectum. — The  rectum  enters  the  pelvis  on 
the  left  side  of  the  sacrum,  and,  after  describing  a  curve  cor- 
responding with  the  concavity  of  the  sacrum,  terminates  at  the 
anus.  In  the  first  part  of  its  course  it  is  loosely  connected  to 
the  back  of  the  pelvis  by  a  peritoneal  fold,  called  the  meso- 
recttim:  between  the  layers  of  this  fold,  the  superior  haemor- 
rhoidal vessels,  the  continuation  of  the  inferior  mesenteric,  with 
nerves  and  lymphatics,  run  to  the  bowel. 

The  rectum  does  not  take  this  course  in  all  cases ;  sometimes 
it  makes  one,  or  even  two  lateral  curves.  In  some  rare  cases  it 
enters  the  pelvis  on  the  right  side  instead  of  the  left.  Since 
these  variations  from  the  usual  arrangement  cannot  be  ascer- 
tained during  life,  they  should  make  us  cautious  in  the  intro- 
duction of  bougies.* 

*  In  old  age  the  rectum  has  sometimes  a  zigzag  appearance  immediately  a1)ove 
the  anus.  These  lateral  inclinations  are  probably  ])r(Kluced  1)y  the  enormous  dis- 
tensions to  which  the  bowel  has  been  occasionally  subjected. 
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Recto-vesical  Pouch. — Whilst  the  parts  are  still  undis- 
turbed, introduce  the  finger  into  the  recto-vesical  peritotieal 
pouch  (Fig.  178).  This  is  a  cul-de-sac  formed  by  the  peritoneum 
in  passing  from  the  front  of  the  rectum  to  the  lower  and  back 
part  of  the  bladder.  In  the  adult  male,  the  bottom  of  this 
pouch  is  about  one  inch  (2.5  cm)  distant  from  the  base  of  the 
prostate  gland  ;  *  therefore  part  of  the  under  surface  of  the 
bladder  is  not  covered  by  peritoneum ;  and  since  this  part  is  in 
immediate  contact  with  the  rectum,  it  is  practicable  to  tap  the 
distended  bladder  through  the  front  of  the  bowel  without  injur- 
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Fig.  178.  —  Diagram  of  the  Relative  Position  of  the  Pelvic  Viscera. 


ing  the  peritoneum.  It  sometimes  happens  that  the  peritoneal 
pouch  comes  down  nearer  to  the  prostate  than  usual  —  we  have 
seen  it  in  actual  contact  with  the  gland  ;  so  that,  in  such  a  case, 
it  would  be  impossible  to  tap  the  bladder  from  the  rectum  with- 
out going  through  the  peritoneum.  In  children  the  peritoneum 
comes  down  lower  than  it  does  in  the  adult,  because  the  bladder 
in  the  child  is  not  a  pelvic  viscus. 

The  recto-vesical  pouch  is  permanent.  But  there  is  another 
peritoneal  pouch  on  the  front  part  of  the  bladder,  which  is  only 
produced  when  the  bladder  is  distended.  To  produce  it,  the 
bladder  should  be  blown  up  through  one  of  the  ureters.     The 

*  The  bottom  of  the  pouch  is  from  three  to  four  inches  (7.J  to  10  cm.)  distant 
from  the  anus. 
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bladder  soon  fills  the  pelvis,  and  then,  rising  into  the  abdomen, 
occasions  the  pouch  between  it  and  the  abdominal  wall.  At  first 
the  pouch  is  shallow,  but  it  gradually  deepens  as  the  bladder 
rises.  If  the  bladder  be  distended  half-way  up  to  the  umbilicus, 
which  is  commonly  the  case  when  it  has  to  be  tapped,  we  find 
that  the  bottom  of  the  pouch  would  be  about  two  inches  (5  cm) 
from  the  symphysis  pubis  (Fig.  178).  Within  this  distance  from 
the  symphysis,  the  bladder  may  be  tapped  in  the  linea  alba, 
without  risk  of  wounding  the  peritoneum.  Thus,  the  surgeon 
has  the  choice  of  two  situations  in  which  he  may  tap  the  bladder 
—  above  the  os  pubis,  or  from  the  rectum.  Which  of  the  two 
be  more  appropriate,  must  be  decided  by  the  circumstances  of 
the  case. 

False  Ligaments  of  the  Bladder. — The  reflections  of  the 
peritoneum  from  the  pelvic  walls  to  the  bladder  constitute  the 
false  ligaments  of  the  bladder,  and  they  can  be  best  examined 
before  the  viscera  are  disturbed,  although  they  will  be  described 
when  the  bladder  itself  is  dissected. 

The  tivo  posterior  pass  forwards  from  the  sides  of  the  rectum 
to  the  back  of  the  bladder,  forming  the  lateral  boundaries  of  the 
deep  recto-vesical  pouch.  Each  contains  within  its  duplica- 
ture  the  obliterated  hypogastric  artery,  the  ureter,  together 
with  some  vessels  and  nerves. 

The  two  lateral  pass  inwards  from  the  sides  of  the  pelvis  to 
the  sides  of  the  bladder. 

The  superior  passes  upwards  from  the  summit  of  the  bladder 
to  the  back  of  the  anterior  abdominal  wall,  covering  the  urachus 
and  the  obliterated  hypogastric  arteries. 

Contents  of  the  Female  Pelvis.  —  The  relative  positions 
of  the  pelvic  viscera  in  the  female  should  now  be  examined, 
leaving  the  special  description  till  a  later  stage. 

General  Position  of  the  Uterus  and  its  Appendages.  — 
The  uterus  is  interposed  between  the  bladder  in  front  and  the 
rectum  behind.  From  each  side  of  it  a  broad  fold  of  peritoneum 
extends  transversely  to  the  side  of  the  pelvis,  dividing  that 
cavity  into  an  anterior  and  a  posterior  part.  These  folds  are 
called  the  broad  ligaments  of  the  uterus.  On  the  posterior 
surface  of  the  ligament  are  the  ovaries,  one  on  each  side. 
They  are  completely  covered  by  peritoneum,  and  suspended 
to  the  ligament  by  a  small  peritoneal  fold.  Each  ovary  is 
attached  to  the  uterus  by  a  cord  termed  the  ligament  of  the 
ovary.      Along  the  upper  part  of  the  broad  ligament  we  find 
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between  its  layers  a  tube  about  four  inches  {lO  cm.)  long, 
called  the  Fallopian  tube,  which  conveys  the  ovum  from  the 
ovary  into  the  uterus.  For  this  purpose  one  end  of  it  termi- 
nates in  the  uterus,  while  that  nearer  to  the  ovary  expands  into 
a  wide  mouth,  furnished  with  prehensile  fringes — fimbricB  — 
which,  like  so  many  tentacles,  grasp  the  ovum  as  soon  as  it  es- 
capes from  the  ovary.  One  of  these  fimbriae  is  attached  to  the 
ovar}^  Lastly,  there  run  up  to  the  ovary,  between  the  layers 
of  the  broad  ligament,  the  ovarian  vessels,  which  arise  from  the 
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Fig.  179.  —  Diagrammatic  Vertical  Section  through  the  Female  Pelvic  Viscera. 


aorta  in  the  lumbar  region,  like  the  spermatic  arteries  in  the 
male,  because  the  ovaries  are  originally  formed  in  the  loins. 

On  the  anterior  surface  of  the  broad  ligament,  on  either  side 
between  its  layers,  is  the  round  ligament  of  the  uterus.  This 
cord  proceeds  from  the  fundus  of  the  uterus,  anterior  to  the 
Fallopian  tube,  through  the  inguinal  canal,  like  the  spermatic 
cord  in  the  male,  and  terminates  in  the  mons  Veneris.  Besides 
one  or  two  small  blood-vessels,  it  contains  muscular  fibres  analo- 
gous to  those  of  the  uterus  ;  these  increase  very  much  in  preg- 
nancy, so  that,  about  the  full  term,  the  cord  becomes  nearly  as 
thick  as  the  end  of  the  little  finger.     In  early  life  the  round 
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ligament  receives  a  covering  from  the  peritoneum,  which  ad- 
vances to  a  tubular  form  into  the  inguinal  canal.  It  corresponds 
to  the  processus  vaginalis  of  the  peritoneum  in  the  male.  It  is 
called  the  canal  of  Niick,  and  is  generally  obliterated  in  the 
adult.     It  is  sometimes  the  seat  of  an  inguinal  hernia. 

Reflections  of  the  Peritoneum.  —  From  the  front  of  the 
rectum  the  peritoneum  is  reflected  on  to  a  small  part  of  the  poste- 
rior wall  of  the  vagina,  thus  forming  what  is  called  the  recto-vag- 
inal poucJi.  From  the  vagina  the  peritoneum  is  continued  over 
the  posterior  surface,  but  only  about  half  way  down  the  front 
of  the  uterus  ;  thence  it  is  reflected  over  the  posterior  surface 
of  the  bladder,  on  to  the  wall  of  the  abdomen.  Laterally,  it  is 
reflected  from  the  uterus  to  the  sides  of  the  pelvis,  forming  the 
broad  ligaments. 

In  cases  of  ascites  the  fluid  might  distend  the  recto-vaginal 
pouch,  and  bulge  into  the  vagina,  so  that  it  would  be  practicable 
to  draw  it  off  through  this  channel. 

DISSECTION    OF   THE    MALE   PERINEUM. 

Before  dissecting  the  perineum,  it  is  expedient  first  to  examine 
the  osseous  and  ligamentous  boundaries  of  the  lower  aperture  of 
the  pelvis.  Looking  at  the  male  pelvis  (with  the  ligaments  pre- 
served), we  observe  that  this  aperture  ^__--3,^ 

is    of    a    lozenge    shape ;    that    it    is  ^        M       *^ 

bounded  in  front   by  the  pubic  arch  ^^       B^ 

and  the  sub-pubic  ligament  ;  laterally,  ■- —    j  f^\   \^    ~^ 

anteriorly,  by  the  rami  of  the  os  pubis  ^y     I         \     \^ 

and  ischium,  and  the  tuberosity  of  the  /     ^     \ 

ischium,     posteriorly,    by     the     great  n^  ^- \^^ 

sciatic  ligament ;  and   behind,  by  the  ^^^        2          M^ 

tip  of  the  coccyx.  ^Sv    <S!)  ^^ 

This  space,  for  convenience  of  de-  Xfc!j!)^>^ 

scription,  is  subdivided  into  two  by  a  f>g.  i8o.  — diagram  op  the 

!•  1  r  ,1  •      ^   ••   .       .\  Fkamevvork  oh  the  Perineum. 

line  drawn  from  one  tuber  ischii  to  the 

other.  The  anterior  forms  a  nearly  equilateral  triangle,  of 
which  the  sides  are  from  three  to  three  and  a  half  {"j.^  to  8.8 
cm.)  inches  long  ;  and,  since  it  transmits  the  urethra,  it  is  called 
the  urethral  region  of  the  perineum.  The  posterior,  containing 
the  anus,  is  called  the  ischio-rcctal  ox  anal  region  (Fig.  i8o).* 

•  The  dimensions  of  the  lower  outlet  of  the  pelvis  are  apt  to  vary  in  different 
subjects,  and  the  lithotomist  must  modify  his  incision  accordingly. 
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The  subject  should  be  placed  in  the  usual  position  for  lith- 
otomy, with  a  block  placed  beneath  the  pelvis.  A  full-sized 
staff  should  now  be  passed  into  the  bladder,  the  rectum  moder- 
ately distended  with  tow,  and  the  scrotum  raised  by  means  of 
hooics.  A  central  ridge,  named  the  raphe,  extends  from  the 
anus,  along  the  perineum,  scrotum,  and  under  surface  of  the 
penis.  Between  the  tuberosities  of  the  ischia  and  the  anus  are 
two  depressions,  one  on  each  side,  marking  the  iscJiio-rectal 
fossa,  which  are  found  immediately  beneath  the  skin,  filled  with 
more  or  less  fat.  In  the  lateral  operation  of  lithotomy,  the  in- 
cision should  commence  at  a  point  midway  between  the  anus  and 
the  posterior  fold  of  the  scrotum,  close  to  the  left  side  of  the 
raphe  ;  it  should  be  carried  downwards  and. outwards  to  a  point 
midway  between  the  tuber  ischii  and  the  anus.  In  the  bilateral 
operation,  the  incision  is  semilunar,  the  horns  being  made  on 
either  side  between  the  tuber  ischii  and  the  anus,  equidistant 
from  these  points  respectively;  while  the  centre  of  the  incision 
runs  about  three-quarters  of  an  inch  {18  nini^  above  the  anus. 

Anal  Glands. —  At  the  anus  the  skin  becomes  finer  and 
more  delicate,  forming  a  gradual  transition  towards  mucous 
membrane  :  during  life  it  is  drawn  into  wrinkles  by  the  perma- 
nent contraction  of  the  cutaneous  sphincter.  Moreover,  the 
skin  at  the  margin  of  the  anus  is  provided  with  numerous  mi- 
nute glands,*  which  secrete  an  unctuous  substance  to  facilitate 
the  passage  of  the  faeces.  When  this  secretion  becomes  defect- 
ive or  vitiated,  the  anal  cutaneous  folds  are  apt  to  become  ex- 
coriated, chapped,  or  fissured ;  and  then  def  ascation  becomes 
very  painful.  At  the  margin  of  the  anus  a  thin  white  line  can 
be  distinguished,  indicating,  not  only  the  junction  of  the  skin 
with  the  mucous  membrane,  but  also  the  linear  interval  between 
the  external  and  internal  sphincters. 

Dissection.  — The  skin  should  be  reflected  by  making  an  in- 
cision along  the  raphe,  round  the  margin  of  the  anus  to  the 
coccyx.  Two  others  must  be  made  on  each  side  at  right  angles 
to  the  first,  the  one  at  the  upper,  and  the  other  at  the  lower 
end  of  it. 

Subcutaneous  Tissue.  —  The  skin  of  the  perineum  must 
then  be  reflected  outwards  with  much  care,  otherwise  the  super- 

*  These  glands  are  the  analogues  of  the  anal  glands  in  some  animals,  e.g.,  the 
dog  and  the  beaver.  They  are  found  not'only  about  the  anus,  but  also  in  the  sub- 
cutaneous tissue  of  the  perineum,  a  fact  for  the  demonstration  of  which  we  are  in- 
debted to  the  late  Professor  Quekett.  They  are  large  enough  to  be  seen  with  the 
naked  eye. 
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ficial  sphincter  ani  may  be  reflected  with  the  skin.  In  reflect- 
ing the  skin  notice  the  characters  of  the  subcutaneous 
structures.*  Its  characters  alter  in  adaptation  to  the  exigencies 
of  each  part.  On  the  scrotum  the  fat  constituent  of  the  tissue 
is  entirely  absent ;  while  the  connective  tissue  element  is  most 
abundant,  and  during  life  clastic  and  contractile. 

Fat  in  Ischio-rectal  Fossae. —  But,  towards  the  deeper  part 
of  the  anus  the  fat  accumulates  more  and  more,  and  on  either 
side  of  the  rectum  it  is  found  in  the  shape  of  large  masses,  filling 
up  what-  would  otherwise  be  two  deep  hollows  in  this  situation 
—  namely  the  ischio-7'cctal fossce.  These  fossae  are  pyramidal, 
with  their  bases  towards  the  skin,  and  their  apices  at  the  diver- 
gence of  the  obturator  internus  and  levator  ani.  They  are  about 
two  inches  (5  cm.)  in  depth,  and  much  deeper  posteriorly  than 
in  front.  This  accumulation  of  fat  on  each  side  of  the  anus 
permits  the  easy  distention  and  contraction  of  the  lower  end  of 
the  bowel  during  and  after  the  passage  of  the  faeces.  Over 
the  tuberosities  of  the  ischia  are  large  masses  of  fat,  sepa- 
rated by  tough,  fibrous  septa,  passing  from  the  skin  to  the  bone, 
so  as  to  make  an  elastic  padding  to  sit  upon.  Occasionally, 
too,  there  are  one  or  more  large  biirscB  interposed  between  this 
padding  and  the  bone. 

So  much  respecting  the  general  characters  of  the  subcutane- 
ous tissue  of  the  perineum.  Some  anatomists  describe  it  as 
consisting  of  three,  four,  or  even  more  layers,  but  in  nature  we 
do  not  find  it  so.  It  may,  indeed,  be  divided  into  as  many 
layers  as  we  please,  according  to  our  skill  in  dissection  ;  but 
this  only  complicates  what  is,  in  itself,  simple. 

Dissection.  —  The  external  sphincter  ani  must  now  be 
cleaned,  care  being  taken  not  to  remove  any  of  its  fibres,  which 
are  intimately  connected  with  the  skin.  Posteriorly,  the  lower 
border  of  the  gluteus  maximus  must  be  displayed,  and  the  ves- 
sels and  nerves  crossing  the  perineum,  towards  the  anus,  care- 
fully dissected. f 

External  Sphincter  Ani.  —  The  external  spJiinctcr' oi  the 
anus  is  elliptical,  and   is   composed  of  a  thin  layer  of   striped 

•  The  probaV)le  thickness  of  this  subcutaneous  tissue  is  a  point  which  ought  to 
be  determined  by  the  lithotomist  in  making  his  first  incision.  Its  great  thick- 
ness in  .'^ome  cases  explains  the  depth  to  which  the  surgeon  has  to  cut  in  letting 
out  pus  from  the  ischio  rectal  fossa. 

t  Radiating  outwards  from  the  margin  of  the  anus  is  a  thin  stratum  of  invol- 
untary muscular  fibres,  tailed  the  corru,^ator  cutis  ani,  which  by  its  action  pro- 
duces the  radiating  ridges  of  skin  from  the  anus. 


498  SUPERFICIAL    FASCIA    OF    THE    PERINEUM. 

muscular  tissue  about  an  inch  {2.^  cm.)  in  breadth.  It  arises 
from  the  tip  of  the  coccyx  and  the  ano-coccygeal  ligament. 
The  muscular  fibres  surround  the  anus,  and  are  inserted  in  a 
pointed  manner  in  the  tendinous  centre  of  the  perineum,  in  con- 
junction with  the  transversus  perinei,  the  accelerator  urinae,  and 
the  levator  ani  (Fig.  i8i,  p.  499).  It  is  called  the  external 
sphincter,  to  distinguish  it  from  a  deeper  and  more  powerful 
band  of  muscular  fibres  which  surrounds  the  last  inch  or  more 
of  the  rectum,  and  is  situated  next  to  the  mucous  membrane. 

Cutaneous  Vessels  and  Nerves.  —  The  cutaneous  vessels  and  nei-ves  of  the 
perineum  come  from  the  internal  pudic  artery  and  nerve,  and  chiefly  from 
that  branch  of  it  called  the  siipcTjicialis  perinei.     This  will  be  traced  presently. 

The  external  or  inferior  hccniorrhoidal  arteries  cross  transversely  through  the 
ischio-rectal  fossa,  from  the  ramus  of  the  ischium  towards  the  anus.  They  come 
from  the  pudic  (which  can  be  felt  on  the  inner  side  of  the  ischium),  and,  running 
inwards,  divide  into  numerous  branches,  which  supply  the  rectum,  levator  ani, 
and  sphincter  ani.  The  nerves  which  accompany  the  arteries  come  from  the  pudic 
nerve,  and  supply  the  sphincter  ani  and  the  skin  of  the  perineum. 

Th.e  fourth  sacral  nerve  emerges  through  the  coccygeus  close  to  the  tip  of  the 
coccyx,  and,  through  its  hceviorrhoidal  or  perineal  branch.,  supplies  the  external 
sphincter  and  the  skin  of  the  perineum  between  the  coccyx  and  the  anus. 

The  inferior  pudendal  nerve  comes  through  the  muscular  fascia  of  the  thigh, 
a  little  above  the  tuber  ischii,  and  ascends,  dividing  into  filaments,  which  supply 
the  front  and  outer  part  of  the  scrotum  and  perineum.  It  is  a  branch  of  the  lesser 
sciatic  nei"ve,  and  communicates  in  front  with  the  posterior  branch  of  the  super- 
ficial perineal  nerve. 

Superficial  Fascia  of  the  Perineum.  —  The  subcutaneous 
fascia  of  the  perineum  is  composed  of  a  siiperficial  and  a  deep 
layer.  The  superficial  layer  contains  more  or  less  fat,  and  is 
continuous  with  that  of  the  scrotum,  the  thighs,  and  the  poste- 
rior part  of  the  perineum.  The  deeper  layer  is  a  stratum  of 
considerable  strength,  and  is  best  demonstrated  by  blowing  air 
beneath  it  with  a  blow-pipe  ;  its  connections  are  as  follows  :  It 
is  attached  on  each  side  to  the  anterior  lip  of  the  ramus  of  the 
OS  pubis  and  ischium  superficial  to  the  crus  penis  ;  traced  for- 
wards, it  is  directly  continuous  with  the  tunica  dartos  of  the 
scrotum  ;  traced  backwards,  at  the  base  of  the  urethral  triangle, 
it  is  reflected  beneath  the  transversus  perinei  muscle,  and  joins 
Xhe,  deep  perineal  fascia  or  triangtilar  ligament.  These  connec- 
tions explain  why  urine  effused  into  the  perineum  does  not 
make  its  way  into  the  ischio-rectal  fossae  or  down  the  thighs, 
but  passes  readily  forwards  into  the  connective  tissue  of  the 
scrotum,  penis,  and  groins. 

Dissection.  —  Remove  the  fascia  to  see  the  muscles  which 
cover  the  bulb  of  the  urethra  and  the  crura  of  the  penis.     The 
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bulb  of  the  urethra  lies  in  the  middle  of  the  perineum,  and  is 
covered  by  a  strong  muscle,  called  accelerator  urinae.  The 
crurae  penis  are  attached,  one  to  each  side  of  the  pubic  arch, 
and  are  covered  each  by  a  muscle,  called  erector  penis.  A  nar- 
row slip  of  muscle,  called  transversus  perinei,  extends  on  either 
side    from    the    tuber    ischii   to    the    tcndijious   centre   of    the 


pennei  a. 

-/■  External 

,  //"",    hammor- 

/ //  rhoidala. 

^     and  n. 


Fig.  i8i.  —  Misclks,  with  Superficiai,  Vessels  and  Nerves,  op  the  Perineum. 


perineum.  This  point  is  about  one  inch  and  a  quarter  (J./  cm}) 
in  front  of  the  anus,  and  serves  for  the  attachment  of  muscular 
fibres  from  all  quarters  of  the  perineum. 

Thus  the  muscles  of  the  perineum  describe  on  each  side  a 
triangle,  of  which  the  sides  are  formed  by  the  accelerator  urinae 
and  the  crus  penis  respectively,  and  the  base  by  the  transversus 
perinei.     Across    this  triangle  run  up  from  base  to  apex   the 


500 


SUPERFICIAL    PERINEAL    VESSELS    AND    NERVES, 


superficial  perineal  vessels  and  nerves.  External  to  the  ramus 
of  the  ischium  is  seen  the  mferior  piidnedal  nerve,  a  branch  of 
the  lesser  sciatic. 

Superficial  Perineal  Vessels  and  Nerves.  —  The  super- 
ficial perineal  artery  lies  beneath  the  deep  layer  of  the  super- 
ficial perineal  fascia,  and  comes  from  the  internal  pudic  as  it 
runs  up  the  inner  side  of  the  tuber  ischii.  Though  the  main 
trunk  cannot  be  seen,  it  can  be  easily  felt  by  pressing  the 
finger  against  the  bone.  The  artery  comes  into  view  a  little 
above  the  level  of  the  anus,  passes  up  usually  in  front  of  the 
transversus  perinei  muscle,  and  gets  to  the  perineal  triangle 
lying  to  the  inner  side  of  the  erector  penis.  It  distributes 
branches  to  all  the  muscles,  and  is  finally  lost  on  the  scrotum. 


Corpus  cavemosum. 
Corpus  spongiosum. 

Upper  fibres. 

Middle  fibres.  _ 

-cowper's  cv-^ 

Lowerfibres. ^^^^TrianculaR 

Tendinous  centre  of ^^m        '■'CAMENT 

perineum. 

Fig.  182.  —  Diagram  to  show  the  Accelerator  Urin^  in  Profile. 


The  only  named  branch  is  called  transversalis  perinei  (Fig.  181). 
This  is  given  off  near  the  base  of  the  triangle,  and  runs  trans- 
versely inwards  with  the  transversus  perinei  muscle  towards 
the  central  tendon  of  the  perineum,  where  it  anastomoses  with 
its  fellow.  It  is  necessarily  divided  in  the  first  incision  in 
lithotomy,  and  deserves  attention,  because  it  is  sometimes  of 
considerable  size. 

The  artery  is  accompanied  by  two  veins,  which  are  frequently 
dilated  and  tortuous,  especially  in  diseased  conditions  of  the 
scrotum. 

The  nerves,  two  in  number,  are  derived  from  the  internal 
pudic,  follow  the  course  of  their  corresponding  arteries,  and 
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give  off  similar  branches.  They  not  only  supply  the  skin  of 
the  perineum  and  scrotum,  but  each  of  the  perineal  muscles. 

Accelerator  Urinae. — This  muscle  embraces  the  bulb  of 
the  urethra,  and  is  composed  of  two  lateral  symmetrical  halves. 
It  arises  from  a  fibrous  median  raphe  beneath  the  bulb,  and 
from  the  tendinous  centre  of  the  perineum.  Starting  from  this 
origin  the  fibres  diverge,  and  are  inserted  as  follows  :  The  upper 
ones  proceed  on  either  side  round  the  corpus  cavernosum  penis, 
like  the  branches  of  the  letter  V,  and  are  fixed  on  its  dorsal 
surface,  in  front  of  the  erector  penis,  and  expanding  also  into  a 
broad  aponeurosis,  which  covers  the  dorsal  vessels  of  the  penis ; 
the  middle  completely  embrace  the  bulb  and  adjacent  part  of 
the  corpus  spongiosum  like  a  ring,  and  meet  in  an  aponeurosis 
on  the  upper  surface  of  the  urethra ;  the  lotver  are  fixed  to  the 
anterior  surface  of  the  deep  perineal  fascia,  often  called  the 
triangular  ligament  (Fig.  182).* 

Thus,  the  entire  muscle  acts  as  a  powerful  compressor  of  the 
bulb,  and  expels  the  last  drops  of  urine  from  this  part  of  the 
urethra. f  By  dividing  the  muscle  along  the  middle  line  and 
turning  back  each  half,  its  insertion,  as  above  described,  can  be 
clearly  made  out. 

Erector  Penis.  —  This  muscle  is  moulded  upon  the  crus  of 
the  penis.  It  arises  by  musculo-tendinous  fibres  from  the  inner 
surface  of  the  tuber  ischii,  from  the  crus  itself,  and  from  the 
ramus  of  the  os  pubis  ;  the  fi.bres  ascend,  completely  covering 
the  crus,  and  terminate  on  a  strong  aponeurosis,  which  is  in- 
serted into  the  external  and  inferior  aspect  of  the  crus  penis 
(Fig.  181).  The  action  of  this  muscle  is  to  compress  the  root 
of  the  penis,  and  so,  by  preventing  the  return  of  the  venous 
blood,  contributes  to  the  erection  of  the  organ.  J 

Transversus  Perinei. — This  muscle  is  of  insignificant  size, 
and  sometimes  absent  (Fig.  181).  It  arises  from  the  inner 
aspect  of  the  tuber  ischii,  and  proceeds  forwards  and  inwards 
towards  the  central  point  of  the  perineum,  where  it  is  blended 
with  the  muscle  of  the  opposite  side,  with  the  fibres  of  the 
accelerator  urinoe  in  front,  and  with  the  external  sphincter 
behind.     This  muscle  with  its  artery  is  divided  in  lithotomy. 

•  This  mu.scle  is  called  also  the  ejaculator  uriiicc  or  the  hulho-cavcrftosics. 

t  The  mifldle  fibres  assist  in  the  erection  of  the  corpus  spongiosum,  and  the 
upper  fibres  in  that  of  the  penis,  the  former  l)y  compressing  the  bulb,  the  latter 
by  compressing  the  dorsal  vein. 

\  This  muscle  is  sometimes  called  the  ischio-cavernosus. 
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The  deep  transversiis  perinei  is  a  small  muscle  occasionally 
present  ;  it  arises  more  deeply  from  the  pubic  arch  than  the 
superficial  muscle,  and  passes  inwards  behind  the  bulb  to  the 
central  tendon. 

The  next  stage  of  the  dissection  consists  in  reflecting  and 
removing  the  accelerator  urinae  from  the  bulb  of  the  urethra, 


Crus  penis. 


Crus  penis 
with  its  artery 
cut  through. 


Tuber  ischii 


Fig.    183.  —  Diagram   to   show    the   Ikiangular   Ligament  of  the  Ukethka   or   Deep 

Perineal   Fascia. 

the  erectores  penis  with  the  crura  penis  from  the  rami  of  the 
OS  pubis  and  ischium,  and  the  transversi  perinei  muscles. 
This  done,  the  triangular  ligament  or  deep  perineal  fascia 
is  fairly  exposed. 

Triangular  Ligament  of  the  Urethra.  —  Understand  that 
the  triangular  ligament  of  the  urethra  and  the  deep  perineal 
fascia  are  synonymous  terms. 
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The  triangular  ligament,  shown  in  Fig,  183,  is  a  strong 
fibrous  membrane  stretched  across  the  pubic  arch.  It  is  about 
an  inch  and  a  half  {J. 8  an.)  in  depth,  with  the  base  directed 
backwards.  It  consists  of  two  layers  —  an  anterior  and  a 
posterior.     The  anterior  layer  is  firmly  attached  on  each  side 


Compressor 
urethrae. 
Membranous  part 
of  the  uretlira  sur- 
rounded by  its  com- 
pressor muscle. 
Prostate  gland. 

Anterior  fibres  of 
the  levator  ani< 


Fig.    184.  —  Diagram   op   the   Pakts   Behind   the  Anterior   Layer  of  the   Triangular 

Ligament   of   the   Ukethra. 

(The  anterior  fibres  of  the  levator  ani  are  hooked  down  to  show  part  of  the  prostate;  the  rest  is 

tracked  by  a  dotted  line.) 

to  the  posterior  lip  of  the  rami  of  the  os  pubis  and  ischium,  be- 
neath the  crus  penis;  superiorly  —  i.e.,  towards  the  symphysis 
of  the  OS  pubis  —  it  is  connected  with  the  subpubic  ligament  ; 
infcriorly,  it  docs  not  present  a  free  border,  but  is  connected  to 
the  tendinous  centre  of  the  perineum,  and  is  continuous  with 
the   deep  layer  of   the  superficial  perineal  fascia  which  curves 
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backwards  under  the  transversus  perinei  muscle,  and  with  the 
ischio-rec.tal  or  anal  fascia  (p.  498). 

The  anterior  layer  of  the  triangular  ligament  is  perforated 
about  one  inch  {2.^  cm.)  below  the  symphysis  pubis  for  the 
membranous  part  of  the  urethra.  The  aperture  through  which 
the  urethra  passes  does  not  present  a  distinct  edge,  because  the 
ligament  is  prolonged  forwards  over  the  bulb,  and  serves  to  keep 
it  in  position.  It  also  presents  apertures  for  the  transmission  of 
the  dorsal  vein,  and  outside  this  for  the  pudic  arteries  and 
nerves. 

The  posterior  layer  cannot  at  present  be  seen.  It  belongs, 
strictly  speaking,  to  the  obturator  prolongation  of  the  pelvic 
fascia,  and  slopes  somewhat  backwards  from  the  anterior  layer 
so  as  to  leave  an  interval  between  them,  in  which  are  found 
structures  which  will  be  presently  described. 

Points  of  Surgical  Interest.  —  The  triangular  ligament  is  very  important 
surgically  for  these  reasons  :  — 

1.  Here  we  meet  with  difficulty  in  introducing  a  catheter,  unless  we  can  hit  off 
the  right  track  through  the  ligament.  The  soft  and  spongy  tissue  of  the  bulbous 
part  of  the  urethra  in  front  of  the  ligament  readily  gives  way  if  force  be  used, 
and  a  false  passage  results. 

2.  By  elongating  the  penis,  we  are  much  more  likely  to  hit  off  the  proper 
opening  through  the  ligament. 

3.  When,  in  retention  of  urine,  the  urethra  gives  w-ay  anterior  to  this  liga- 
ment, it  is  this  which  prevents  the  urine  from  travelling  into  the  pelvis.  Its  con- 
nection with  the  superficial  perineal  fascia  prevents  the  urine  from  getting  into  the 
ischio-rectal  fossse :  nor  can  the  urine  make  its  way  into  the  thighs.  The  only 
outlet  for  it  is  into  the  connective  tissue  of  the  scrotum  and  penis. 

4.  When  suppuration  or  extravasation  of  urine  takes  place  behind  the  liga- 
ment, the  pus  is  pent  up  and  should  be  speedily  let  out ;  if  not,  it  may  find  its  way 
into  the  connective  tissue  of  the  pelvis,  and  may  burst  into  the  urethra  or  the 
rectum. 

5.  The  ligament  is  partially  cut  through  in  lithotomy. 

Parts  Divided  in  Lateral  Lithotomy.  —  The  parts  divided  in  the  lateral 
operation  of  lithotomy  are  :  the  skin,  the  superfcial  fascia,  the  transverse  peri- 
neal muscle,  vessels  and  nerve,  the  inferior  haemorrhoidal  vessels  and  nerves,  the 
inferior  fibres  of  the  acclerator  urinse,  the  anterior  fibres  of  the  levator  ani,  the 
triangular  ligament  (anterior  layer),  the  compressor  urethrae,  the  membranous  and 
prostatic  parts  of  the  urethra,  and  a  Fmall  portion  of  the  prostate. 

Parts  to  be  Avoided.  ^  The  incision  in  lateral  lithotomy  should  not  be 
made  too  far  foi-wards,  for  fear  of  wounding  the  artery  of  the  bulb ;  nor  too  far 
inwards,  for  fear  of  injuring  the  rectum  ;  nor  too  far  outwards,  for  fear  of  cutting 
the  pudic  artery. 

Structures  Between  the  Layers  of  the  Triangular  Liga- 
ment. —  The  anterior  layer  of  the  triangular  ligament  must 
now  be  cut  away  to  see  what  Hes  between  its  two  layers. 
These  parts  are  shown  in  Fig.  183,  namely  :  i,  the  membran- 
ous part  of  the  urethra,    surrounded    by,    2,    the    compressor 
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urethrre  muscle ;  3,  Cowper's  glands  and  their  ducts ;  4,  the 
pudic  artery  and  its  branch,  the  artery  of  the  bulb  ;  the  artery 
of  the  crus  and  the  dorsal  artery  of  the  penis  being  given  off 
in  front  of  the  anterior  layer ;  5,  the  pudic  nerve  and  its 
branches ;  6,  the  dorsal  vein  of  the  penis ;  7,  the  subpubic 
ligament. 


Catheter. 


Dorsal  nerve  of  the 

penis. 
Dorsal  artery  of  the 

penis. 
Dorsal  vein  of  the 

penis. 


Anterior  layer  of  tri- 
angular ligament. 
Ramus  os  pubis 
cut  through. 

Posterior  layer  of  tri- 
angular ligament : 
part  of  the  pelvic 
fascia. 


Fir,.  185.  —  Diagram  op  the  Relations  of  the  Compressor  URETHgyE  as  seen 
KHoM  A  dove. 

Dissection.  —  To  obtain  the  best  perineal  view  of  the 
compressor  urethrae  muscle,  cut  through  the  spongy  part  of 
the  urethra  about  three  inches  {J.^  cm.)  above  the  end  of  the 
bulb,  and  dissect  it  from  the  corpus  cavernosum.  Thus, 
the  upper  fibres  of  the  constrictor  will  be  exposed  ;  to  see 
the  lower,  it  is  only  necessary  to  raise  the  bulb.     The   most 
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perfect  view,  however,  of  the  muscle  is  obtained  by  making  a 
transverse  section  through  the  rami  of  the  ossa  pubis,  so  as  to 
get  at  the  muscle  from  above,  as  shown  in  Fig.  185. 

Compressor  or  Constrictor  Urethrse.  —  This  muscle  con- 
sists of  transverse  fibres  which  surround  and  support  the 
whole  length  of  the  membranous  portion  of  the  urethra  in  its 
passage  between  the  two  layers  of  the  triangular  ligament.  It 
arises  from  the  ramus  of  the  os  pubis  on  either  side  for  about 
half  an  inch  (/J  mm.)  ;  from  thence  its  fibres  pass,  some  above, 
some  below  the  urethra,  along  the  whole  length  of  its  mem- 
branous part.  It  forms  a  complete  muscular  covering  for  the 
urethra  between  the  prostate  and  the  bulb.  It  is  chiefly 
through  its  agency  that  we  retain  the  urine.  This  muscle  is 
the  chief  cause  of  spasmodic  stricture  of  the  urethra.  Besides 
this  muscle,  the  membranous  portion  of  the  urethra  is  sur- 
rounded by  involuntary  circular  muscular  fibres,  placed  be- 
neath the  compressor  urethrse  and  continuous  with  the 
muscular  fibres  of  the  bladder. 

Cowper's  Glands.  —  These  small  glands  are  situated,  one 
on  either  side,  immediately  behind  the  bulb  between  the  two 
layers  of  the  triangular  ligament,  in  the  substance  of  the  com- 
pressor urethras.  Their  size  is  about  that  of  a  pea,  but  it  varies 
in  different  individuals.  They  are  compound  racemose  glands, 
consisting  of  several  lobules  firmly  connected  together  by  cellu- 
lar and  some  muscular  tissue.  From  each  a  slender  duct  runs 
forwards,  and,  after  a  course  of  about  one  inch,  opens  obliquely 
into  the  floor  of  the  bulbous  part  of  the  urethra  (Fig.  182). 
They  furnish  a  secretion  accessory  to  generation. 

Pudic  Artery  and  its  Branches.  —  The  internal  piidic 
arteiy  is  a  branch  of  the  anterior  division  of  the  internal  iliac. 
It  leaves  the  pelvis  through  the  great  sciatic  foramen  between 
the  pyriformis  and  coccygeus  muscles,  above  the  sciatic  artery, 
winds  round  the  spine  of  the  ischium,  re-enters  the  pelvis 
through  the  lesser  sciatic  fotamen,  and  then  runs  along  the 
inner  side  of  the  tuber  ischii,  between  the  layers  of  the  obtu- 
rator fascia,  up  towards  the  pubic  arch.  About  an  inch  and  3- 
half  ( J.c?  cm}j  above  the  tuber  ischii,  the  trunk  of  the  pudic 
artery  can  be  felt ;  but  we  cannot  see  it,  nor  draw  it  out,  for  it 
is  securely  lodged  in  a  fibrous  (Alcock's)  canal  formed  by  the 
obturator  fascia.  It  subsequently  pierces  the  posterior  layer  of 
the  triangular  ligament,  runs  along  the  inner  margin  of  the 
ramus  of  the  os  pubis,  and  lastly,  piercing  the  anterior  layer  of 
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the  triangular  ligament,  it  divides  into  the  artery  of  the  corpus 
cavernosum  and  the  dorsal  artery  of  the  penis.  In  the  present 
dissection  we  find  the  artery  between  the  two  layers  of  the 
triangular  ligament,  where  it  gives  off  the  artery  of  the  bulb  of 
the  urethra,  and  then  pierces  the  triangular  ligament  (Fig.  183). 
Taken  in  order,  the  branches  of  the  pudic  artery  as  seen  in 
this  dissection  are  :  — 

a.  The  external  hannorrhoidal,  the  superficial  perineal,  and  the  transverse  peri- 
neal hr3Mc\\QS  have  already  been  described  (p.  49S). 

b.  The  artery  of  the  bulb  is  of  considerable  size,  and  passes  transversely  in- 
wards between  the  two  layers  of  the  triangular  ligament ;  it  runs  inwards  through 
the  substance  of  the  compressor  urethras,  and  before  it  enters  the  bulb  divides 
into  two  or  three  branches.  It  also  sends  downwards  a  small  branch  to  Cowper's 
gland.  From  the  direction  of  this  artery  it  will  at  once  strike  the  attention  that 
there  is  great  risk  of  dividing  it  in  lithotomy.  If  the  artery  run  along  its  usual 
level,  and  the  incision  be  not  made  too  high  in  the  perineum,  then  indeed  it  is  out 
of  the  way  of  harm.  But,  supposing  the  reverse,  the  vessel  must  be  divided. 
This  deviation  from  the  normal  distribution  is  met  with  about  once  in  twenty  sub- 
jects, and  there  is  no  possibility  of  ascertaining  this  anomaly  beforehand. 

c.  The  a?-tery  of  the  corpus  cavernosum,  one  of  the  terminal  branches,  ascends 
for  a  short  distance  near  the  pubic  arch,  and  soon  enters  the  crus,  ninning  for- 
wards in  its  cavernous  structure  by  the  side  of  the  septum  pectiniforme. 

d.  To  see  the  dorsal  artery  of  the  penis,  the  crus  should  be  dissected  from  its 
attachment  to  the  symphysis  pubis.  The  artery  pierces  the  suspensory  ligament, 
and  can  be  traced  upon  the  dorsum  of  the  penis  down  to  the  glans.  It  forms  a 
complete  arterial  circle  with  its  fellow  round  the  corona  glandis,  and  gives  numer- 
ous ramifications  to  the  papillae  on  the  surface. 

The  veins  corresponding  with  the  branches  of  the  pudic  artery 
terminate  in  the  pudic  vein,  with  the  exception  of  the  dorsal 
vein  of  the  penis.  This  vein  is  of  large  size  and  results  from 
the  union  of  two  small  veins  in  front  on  the  dorsum  of  the  penis 
which  receive  the  blood  from  the  glans,  the  corpus  spongiosum, 
and  the  prepuce.  The  vein  runs  along  the  middle  on  the 
dorsum,  pierces,  first,  the  suspensory  ligament,  and  then  the 
triangular  ligament  under  the  symphy^s,  and  divides  into  two 
branches  which  open  into  the  prostatic  plexus. 

Pudic  Nerve.  —  The.  pndic  neii'c  comes  from  the  lower  part 
of  the  sacral  plexu.s,  and  corresponds,  both  in  its  course  and 
branches,  with  the  artery. 

It  gives  off,  close  to  its  origin,  (rt)the  external  or  inferior  hccmorrhoidal,  which 
communicates  in  front  with  the  superficial  perineal  and  inferior  pudendal  nerves; 
(b)  the  perineal,  which  accompanies  the  superficial  perineal  artery,  and  divides 
into  a  posterior  and  an  anterior  branch  ;  the  former  runs  to  the  front  of  the  ischio- 
rectal fossa,  distril)uting  branches  to  the  sphincter  and  the  skin  in  front  of  the  anus  ; 
the  latter  lies  in  front  of  the  preceding,  and  sujiplies  the  scrotum  and  under  aspect 
of  the  penis;  both  communicate  with  each  other  and  with  the  inferior  pudendal 
nerve;  (c)  muscular  branches  to  the  transversus  perinei,  the  accelerator  urinx',  the 
erector  peni.s,  and  the  compressor  urethra; ;  (</)  the  dorsal  nerve,  which  is  the 
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main  trunk  of  the  nerve,  runs  with  the  pudic  artery,  and  with  it  pierces  the  pos- 
terior, and  then  the  anterior  layer  of  the  triangular  ligament ;  then  perforating  the 
suspensory  ligament  of  the  penis,  it  accompanies  the  dorsal  artery  on  its  outer  side, 
along  the  dorsum  of  the  penis  to  the  glans.  In  its  passage  it  supplies  the  integu- 
ments of  the  penis,  and  sends  off  one  or  two  branches  into  the  corpus  cavernosum. 
This  pait  of  the  penis  also  receives  filaments  from  the  sympathetic  system. 

Ischio-rectal  Fossa.  —  This  is  the  deep  hollow,  on  each 
side,  between  the  anus  and  the  tuber  ischii.  When  all  the  fat 
is  removed  from  it,  observe  that  it  is  lined  on  all  sides  by  fascia. 
Introduce  the  finger  into  it  to  form  a  correct  idea  of  its  extent 
and  boundaries.  Externally,  it  is  bounded  by  the  tuber  ischii 
and  the  fascia  covering  the  obturator  internus  muscle  ;  inter- 
nally, by  the  rectum,  levator  ani,  and  coccygeus  ;  posteriorly,  by 
the  gluteus  maximus  ;  anteriorly,  by  the  transversus  perinei. 
The  fossa  is  crossed  by  the  external  haemorrhoidal  vessels  and 
nerves. 

These  deep  spaces  on  each  side  of  the  rectum  explain  the 
great  size  which  abscesses  in  this  situation  may  attain.  The 
pus  can  be  felt  only  through  the  rectum.  Nothing  can  be  seen 
outside.  Perhaps  nothing  more  than  a  little  hardness  can  be 
felt  by  the  side  of  the  anus.  These  abscesses  should  be  opened 
early,  else  they  form  a  large  cavity,  and  may  burst  into  the 
rectum,  and  result  in  a  fistula. 
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T\\Q  pudenda  in  the  female  consist  of  folds  of  the  integument, 
called  the  labia.  Between  these  is  a  longitudinal  fissure  which 
leads  to  the  orifices  of  the  urinary  and  genital  canals. 

Labia  Majora.  —  The  pubic  region  is  generally  surmounted 
by  an  accumulation  of  f^t,  called  mons  Veneris,  which  is  covered 
with  hair.  From  this,  two  thick  folds  of  skin  descend,  one  on 
either  side,  constituting  the  labia  majora,  and  gradually  diminish 
in  thickness  towards  the  perineum.  Their  junction,  about  an  inch 
(2.^  an.)  above  the  anus,  is  called  the  posterior  commissure,  or 
frcenulum.  labiorum,  within  which  is  a  transverse  crescentic  fold, 
\.\\&fo?irchette:  it  is  generally  torn  in  the  first  labor.  Between 
the  fourchette  and  the  posterior  commissure  is  an  oval  depres- 
sion, called  the  fossa  navicularis.  The  inner  layer  of  the  skin 
of  the  labium  is  thinner,  softer,  and  more  like  mucous  mem- 
brane than  the  outer ;  for  this  reason,  whenever  pus  forms  in 
the  labium,  the  abscess  bursts  on  the  inner  side.     Where  the 
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labia  are  in  contact,  they  are  provided  with  small  sebaceous 
glands,  of  which  the  minute  ducts  are  observable  on  the  surface. 
They  are  the  analogues  of  the  scrotum  in  the  male,  and  occa- 
sionally contain  extruded  ovaries,  forming  a  hernia  of  the  ovary. 

Clitoris.  —  In  form  and  structure  the  clitoris  resembles  the 
penis  on  a  diminutive  scale,  being  about  an  inch  and  a  half 
{J.S  an.)  long.  It  has,  however,  no  corpus  spongiosum  or 
urethra.  Like  the  penis,  it  is  attached  to  the  sides  of  the  pubic 
arch  by  two  crura  (Fig.  186,  p.  482),  each  of  which  is  grasped 
by  its  special  erector  clitoridis.  The  crura  are  continued  for- 
ward like  the  corpora  cavernosa  of  the  male,  and  unite  to  form 
the  body  of  the  organ,  which  is  surmounted  by  a  small  glaiis. 
It  has  also,  like  the  penis,  a  suspensory  ligament.  The  glans  is 
provided  with  extremely  sensitive  papillae,  and  covered  by  a  little 
prepuce.  Its  dorsal  arteries  and  nerves  are  large  in  proportion 
to  its  size,  and  have  precisely  the  same  course  and  distribution 
as  in  the  penis.  Its  internal  structure  consists  of  a  plexus  of 
blood-vessels,  which  freely  communicate  with  those  of  the  labia 
minora  ;  for  one  cannot  be  injected  without  the  other. 

Labia  Minora  or  Nymphse. — By-separating  the  external 
labia,  two  small  and  thin  folds  of  mucous  membrane  about  an 
inch  and  a  half  {^.8  cm)  in  length,  are  exposed,  one  on  either 
side,  termed  labia  minora.  These  folds  converge  anteriorly, 
and  form  a  covering  for  the  clitoris,  called  prcpntinm  clitoridis  ; 
posteriorly,  they  are  gradually  lost  on  the  inside  of  the  labia 
majora.  They,  unlike  the  labia  majora,  do  not  contain  fat,  but 
are  composed  of  minute  veins.  Between  the  nymphas  and 
about  the  clitoris  are  a  number  of  sebaceous  glands. 

Bet-ween  the  labia  minora,  and  below  the  clitoris,  is  an  angular 
depression  called  the  vestibule,  at  the  back  of  which  is  the  meatus 
urinarins.  Immediately  below  this  is  the  vagina,  of  which  the 
orifice  is  partially  closed  in  the  virgin  by  a  thin  fold  of  mucous 
membrane  called  the  hymen. 

Hymen. — The  hymen  is  a  thin  fold  of  mucous  membrane 
which,  in  the  virgin,  extends  across  the  lower  part  of  the 
entrance  of  the  vagina,  about  half  an  inch  {IJ  mm.)  behind  the 
fourchette.  In  most  instances  its  form  is  crescent-shaped, 
with  the  concavity  upwards.  There  are  several  varieties  of 
hymen:  sometimes  there  are  two  folds,  one  on  either  side,  so 
as  to  make  the  entrance  of  the  vagina  a  mere  vertical  fissure  : 
or  there  may  be  a  septum  perforated  by  several  openings,  hymen 
cribriformis,  or  by  one  only,  hymen  circularis.     Again,  there 
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may  be  no  opening  at  all  in  it,  and  then  it  is  called  hymen 
imperforatus.  Under  this  last  condition  no  inconvenience  arises 
until  puberty.  The  menstrual  discharge  must  then  necessarily 
accumulate  in  the  vagina :  indeed,  the  uterus  itself  may  be- 
come distended  by  it  to  such  an  extent  as  even  to  simulate 
pregnancy. 

When  the  hymen  is  ruptured,  it  shrivels  into  a  few  irregu- 
lar eminences,  called  camnciilce   myrtiformes. 

The  presence  of  the  hymen  is  not  necessarily  a  proof  of  vir- 
ginity, nor  does  its  absence  imply  the  loss  of  it.  Cases  are 
related  by  writers  on  midwifery  in  which  a  division  of  the  hy- 
men was  requisite  to  facilitate  parturition.  In  Meckel's  Mu- 
seum, at  Halle,  are  preserved  the  external  organs  of  a  female 
in  whom  the  hymen  is  perfect  even  after  the  birth  of  a  seven- 
months'  child. 

Bartholin's  or  Duverney's  Glands.  — Between  the  orifice 
of  the  vagina  and  the  erector  clitoridis  is  imbedded  in  the  loose 
tissue  on  either  side  a  small  gland,  which  corresponds  to  Cow- 
per's  gland  in  the  male.  Each  is  about  half  an  inch  (/j  mm^ 
:n  length.  Its  long,  slender  duct  runs  forwards  and  opens  on 
the  inner  side  of  the  nympha  external  to  the  hymen.  In  cases 
of  virulent  gonorrhoea  these  glands  are  apt  to  become  diseased, 
and  give  rise  to  the  formation  of  an  abscess  in  the  labium  very 
difhcult  to  heal. 

Urethra. — A  smooth  channel,  called  the  vestibule,  three- 
quarters  of  an  inch  {l8  mm.)  in  length,  leads  from  the  clitoris 
down  to  the  orifice  of  the  urethra.  This  orifice,  meatus  zui- 
narius,  is  not  a  perpendicular  fissure  like  that  of  the  penis,  but 
rounded  and  puckered,  and  during  life  has  a  peculiar  dimple- 
like feel,  which  assists  us  in  finding  it  when  we  pass  a  catheter. 
You  should  practise  the  introduction  of  the  catheter  in  the 
dead  subject,  for  the  operation  is  not  so  easy  as  might  at  first 
be  imagined,  provided  the  parts  are  not  exposed.  The  point 
of  the  forefinger  of  the  left  hand  should  be  placed  at  the 
entrance  of  the  vagina,  and  the  meatus  felt  for ;  when  the 
catheter,  guided  by  the  finger,  slips,  after  a  little  manoeuvring, 
into  the  urethra.*  The  canal  is  about  one  inch  and  a  half 
{^.8  cm.)  in  length,  and  runs  along  the  upper  wall  of  the  vagina. 
The  two  canals  are  in   such  close  apposition  that  you  can  feel 

*  In  every  case,  and  especially  when  any  vaginal  discharge  exists,  the  parts 
should  be  exposed  and  cleansed  in  order  to  avoid  septic  infection  of  the  bladder 
and  kidney.     The  catheter  must,  of  course,  be  made  absolutely  clean.     (A.   H.) 
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the  urethra  imbedded  in  the  vagina  hke  a  thick  cord.  The 
urethra  is  sHghtly  curved  with  the  concavity  upwards  ;  but  for 
all  practical  purposes  it  may  be  considered  straight.  Its  direc- 
tion, however,  is  not  horizontal.  In  the  unimpregnated  state 
it  runs  nearly  in  the  direction  of  the  axis  of  the  outlet  of  the 
pelvis  ;  so  that  a  probe  pushed  on  m  the  course  of  the  urethra 
would  strike  against  the  promontory  of  the  sacrum.  But,  after 
impregnation,  when  the  uterus  begins  to  rise  out  of  the  pelvis, 
the  bladder  is  more  or  less  raised  also  in  consequence  of  their 
mutual  connection ;  therefore,  the  urethra,  in  the  latter  months 
of  utero-gestation,  acquires  a  much  more  perpendicular  course. 
The  female  urethra  is  provided  with  a  compressor  muscle, 
similar,  in  origin  and  arrangement,  to  that  which  surrounds  the 
membranous  part  of  the  urethra  in  the  male.  It  also  passes 
through  the  triangular  ligament.  The 
prostate  gland  is  wanting,  but  there 
are  minute  glands  scattered  around 
the  neck  of  the  bladder.  In  conse- 
quence of  the  wider  span  of  the 
pubic  arch,  and  the  more  yielding 
nature  of  the  surrounding  structures,  ^' 

.  ^     .  ..         Fig.    186.  —  Bulb  of  the  Vagina.* 

the  female  urethra  is   much  more  di-  „,  ,  ,,   .  , 

1.      Meatus    unnanus.       2.     Vagina. 

latable  than  the  male.      By  means  of       3- Buibot  vagina.  4.  ciitoriswuh 

,  f.    .        ...  ,  its  two  crura. 

a  sponge-tent,  it  may  be  sately  dilated 

to  admit  the  easy  passage  of  the  fore-finger  into  the  bladder. 
Advantage  is  taken  of  this  great  dilatability  in  the  extraction  of 
calculi  from  the  bladder. 

The  mucous  coat  of  the  urethra  is  pale  and  arranged  in 
longitudinal  folds,  and  is  lined  by  squamous  epithelium,  which 
changes  to  the  spheroidal  variety  near  the  bladder.  Next  to 
the  mucous  coat  is  a  layer  of  elastic  and  non-striped  muscular 
fibres  intermixed.  The  muscular  tissue  is  arranged  in  two 
layers  —  an  outer,  consisting  of  circular  fibres,  and  an  inner 
of  longitudinal  fibres.  Externally  there  is  a  plexus  of  veins 
bearing  a  strong  resemblance  to  erectile  tissue. 

Vagina.  —  The  vagina  is  the  canal  which  leads  to  the 
uterus  ;  at  present,  only  the  orifice  of  it  can  be  seen.  It  is  sur- 
rounded by  a  sphincter  muscle,  easily  displavcd  by  removing 
the  integument.  The  muscle  is  about  three-fourths  of  an  inch 
(/(?  mm.)  broad,  and  connected  with  the  cutaneous  sphincter  of 

*  Taken  from  an  injected  preparation  in  the  Miisee  Orfila,  at  Paris. 
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the  anus  in  such  a  manner  that  they  together  form  something 
hke  the  figure  8. 

On  each  side  of  the  orifice  of  the  vagina,  between  the  mucous 
membrane  and  the  sphincter,  is  a  plexus  of  tortuous  veins, 
termed  the  bitlb  of  the  vagina,  from  its  analogy  to  the  bulb  of 
the  urethra  in  the  male.  This  vaginal  bulb  is  about  an  inch 
{2.^  cm.)  long,  and  extends  across  the  middle  line  between  the 
meatus  urinarius  and  the  clitoris,  as  shown  in  Fig.  i86. 

The  description  of  the  perineal  branches  of  the  pudic  vessels 
and  nerves,  given  in  the  dissection  of  the  male  perineum,  applies, 
mutatis  mutandis,  to  the  female,  excepting  that  they  are  pro- 
portionably  small,  and  that  the  artery  which  supplies  the  bulb 
of  the  urethra  in  the  male  is  distributed  to  the  bulb  of  the 
vagina  in  the  female. 


ANATOMY  OF   THE    SIDE  VIEW   OF   THE  PELVIC 

VISCERA. 

Dissection.  —  To  obtain  a  side  view  of  the  pelvic  viscera, 
the  left  innominate  bone  should  be  removed  thus  :  Detach  the 
peritoneum  and  the  levator  ani  from  the  left  side  of  the  pelvis, 
cut  through  the  external  iliac  vessels,  the  obturator  vessels  and 
nerve,  and  the  nerves  of  the  lumbar  plexus ;  then  saw  through 
the  OS  pubis  about  two  inches  (5  cm)  external  to  the  symphysis, 
and  cut  through  the sacro-iliac  symphysis;  now drawthelegs  apart, 
and  saw  through  the  base  of  the  spine  of  the  ischium ;  after 
cutting  through  the  pyriformis,  the  great  sacro-sciatic  ligament, 
the  great  and  small  sciatic  nerves,  and  the  gluteus  maximus 
muscle,  the  innominate  bone  can  be  easily  detached.  This 
done,  the  rectum  should  be  distended  with  tow,  and  the  bladder 
blown  up  through  the  ureter.  A  staff  should  be  passed  through 
the  urethra  into  the  bladder,  and  a  block  placed  under  the 
sacrum. 

The  reflection  of  the  peritoneum  as  it  passes  from  the  front 
of  the  rectum  to  the  lower  part  of  the  bladder  (forming  the 
recto-vesical  pouch),  and  thence  ovci  the  back  of  the  bladder  to 
the  wall  of  the  abdomen,  has  been  already  described.  You  see 
where  the  distended  bladder  is  bare  of  peritoneum,  and  that  it 
can  be  tapped  either  through  the  rectum  or  above  the  pubes 
without  injury  to  the  serous  membrane,  as  shown  by  the  arrows 
in  Fig.  187. 
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False  Ligaments  of  the  Bladder. — The  peritoneal  con- 
nections of  the  bladder  are  called  its  false  ligaments  ;  false  in 
contradistinction  to  the  true,  which  are  formed  by  the  fascia 
of  the  pelvis,  and  really  </(?  sustain  the  neck  of  the  bladder  in  its 
proper  position.  The  false  ligaments  are  five  in  number,  two 
posterior,  two  lateral,  and  one  superior.  The  posterior  are  pro- 
duced by  two  peritoneal  folds,  one  on  either  side  the  recto- 
vesical pouch  ;  the  tzuo  lateral,  by  reflections  of  the  peritoneum 
from  the  sides  of  the  pelvis  to  the  sides  of  the  bladder ;  the 


Peritoneum  in 
dotted  out- 
fine. 


Corpus   caver- 
nosum  penis. 


Fig.  187.  —  Vertical  Section  through  the  Perineum  and  Pelvic  Viscera. 
(The  arrows  point  out  where  the  bladder  can  be  tapped.) 

superior  is  produced  by  the  passage  of  the  peritoneum  from  the 
front  of  the  bladder  to  the  abdominal  wall.  These  have  been 
already  described  (p.  493). 

Pelvic  Fascia.  — To  expose  the  pelvic  fascia,  the  peritoneum 
must  be  removed  from  that  side  of  the  pelvis  which  has  not 
been  disturbed :  in  doing  so  notice  the  abundance  of  loose  con- 
nective tissue  interposed  between  the  peritoneum  and  the  fascia 
to  allow  the  bladder  to  distend  with  facility.  Whenever  urine 
is  extravasatcd  into  this  loose  tissue,  it  is  sure  to  produce  the 
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most  serious  consequences ;  therefore  in  all  operations  on  the 
perineum  it  is  of  the  utmost  importance  not  to  injure  this  fascia. 

The  pelvic  fascia  is  a  thin  but  strong  membrane,  and  con- 
stitutes the  true  ligaments  of  the  bladder  and  the  other  pelvic 
viscera,  supporting  and  maintaining  them  in  their  proper 
position. 

Examine,  first,  to  what  parts  of  the  pelvis  the  fascia  is  at- 
tached ;  secondly,  the  manner  in  which  it  is  reflected  on  the 
viscera. 


'C    Iliac 
fascia 
cover- 
ing 
iliacus 


Pelvic  fascia 
dividing. 

Obturator 
fascia  cover- 
ing obturator 
intemus. 

Recto-vesical 
layer  cover- 
ing levator 
ani. 


Anal  fascia. 


-Transverse  Section  of  the  Pelvis,  to  show  the  Reflections  of  the  Pelvic 
Fascia.     {After  Gray?) 

Beginning,  then  (Fig.  i88),  we  see  that,  in  front,  the  fascia  is 
continuous  with  the  transversalis  fascia,  and  laterally  with  the 
iliac  fascia,  and  that  superiorly  it  is  attached  to  the  body  of  the 
OS  pubis,  to  the  brim  of  the  pelvis,  and  to  the  side  of  the  bone 
just  above  the  attachment  of  the  obturator  internus,  close  to 
the  obturator  foramen  and  the  great  sciatic  notch.  Here  it  be- 
comes gradually  thinner,  covers  the  pyriformis  and  the  sacral 
plexus,  and  is  gradually  lost  on  the  front  of  the  sacrum. 

Traced  forwards,  we  find  that  it  is  attached  to  the  bone  along 
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the  upper  border  of  the  obturator  internus,  and,  as  it  passes  for- 
wards over  the  obturator  foramen,  completes  the  canal  through 
which  the  obturator  vessels  pass  to  the  foramen  ;  anteriorly,  it 
is  attached  to  the  posterior  surface  of  the  lower  part  of  the  sym- 
physis pubis.  From  this  attachment  the  fascia  descends  as  far 
as  a  line  drawn  from  the  spine  of  the  ischium  to  the  pubic  sym- 
physis, where  it  forms  a  dense  white  line  which  marks  the 
division  of  the  fascia  into  two  layers,  an  outer,  the  obturator, 
and  an  inner,  the  recto-vesical  fascia.  It  also  serves  for  the 
attachment  of  a  considerable  part  of  the  middle  portion  of  the 
levator  ani. 

The  obturator  fascia,  the  outer  layer,  is  the  continuation  of 
the  pelvic  fascia,  and  descends  on  the  inner  surface  of  the  obtu- 
rator internus,  forming  at  the  same  time  a  sheath  for  the  pudic 
vessels  and  nerve,  the  nerve  being  the  lowest.  It  is  attached 
to  the  pubic  arch,  to  the  tuberosity  of  the  ischium,  and  to  the 
margin  of  the  great  sacro-sciatic  ligament.  It  is  continuous  in 
front,  below  the  symphysis  pubis,  with  the  corresponding  layer 
of  the  opposite  side,  and  here  forms  the  posterior  layer  of  the 
triangular  ligament.  From  this  fascia  is  derived  the  ischio- 
rectal or  anal  fascia,  which  lines  the  under  or  perineal  surface 
of  the  levator  ani,  and  is  subsequently  lost  upon  the  side  of  the 
rectum. 

The  recto-vesical  fascia  descends  on  the  upper  or  internal  sur- 
face of  the  levator  ani,  and  invests  the  bladder,  prostate,  and 
rectum.  From  the  symphysis  pubis  it  is  reflected  over  the  pros- 
tate and  the  neck  of  the  bladder  to  form,  on  either  side  of  the 
symphysis,  two  well-marked  bands  —  the  anterior  true  ligaments 
of  the  bladder.  From  the  side  of  the  pelvis  it  is  reflected  on 
to  the  side  of  the  bladder,  constituting  the  lateral  tnie  liga- 
ments of  that  viscus,  and  encloses  the  prostate  and  the  vesical 
plexus  of  veins.  A  prolongation  from  this  ligament  encloses 
the  vesicular  seminalis,  the  lower  layer  of  which  passes  between 
the  bladder  and  the  rectum,  to  join  its  fellow  from  the  opposite 
side.  The  continuation  of  the  recto-vesical  fascia  covers  the 
remainder  of  the  upper  surface  of  the  levator  ani  as  far  as  its 
attachment  to  the  rectum,  where  it  is  reflected  round  this  tube. 

General  Position  of  the  Pelvic  Viscera  in  the  Male.  — 
The  pelvic  viscera  are  so  surrounded  by  veins  and  loose  areolar 
tissue  that  he  who  dissects  them  for  the  first  time  will  find  a 
difficulty  in  discovering  their  definite  boundaries.  The  rectum 
runs  at  the  back  of  the  pelvis,  and  follows  the  anterior  curve  of 
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the  sacrum  and  coccyx.  The  bladder  hes  in  front  of  the  rec- 
tum, immediately  behind  the  symphysis  pubis.  At  the  neck  of 
the  bladder  is  the  prostate  gland  through  which  the  urethra 
passes.  In  the  cellular  tissue,  between  the  bladder  and  the  rec- 
tum, there  is,  on  each  side,  a  convoluted  tube,  called  the  vesicula 
seminalis,  and  on  the  inner  side  of  each  vesicula  is  the  seminal 
duct  or  vas  deferens.  Before  describing  these  parts  in  detail, 
it  is  necessary  to  say  a  few  words  about  the  large  tortuous  veins 
which  surround  them. 


Fig.  189.  —  Side  View  of  the  Pelvic  Viscera. 
(Taken  from  a  Photograph.) 
External  sphincter.     2.  Internal  sphincter.     3.  Levator  ani  cut  through.     4.  Accelerator  urins. 
5.    Membranous  part  of  the  urethra,  surrounded  by  compressor  muscle.     6.    Prostate  gland. 
7.  Vesicula  seminalis.     8.  Ureter.     9.  Vas  deferens.     10.  Crus  penis  divided.     11.  Triangular 
ligament.     12.  Superficial  perineal  fascia.     13.  Rectum. 


Vesico-prostatic  Plexus  of  Veins.  —  Beneath  the  pelvic  fascia  surrounding 
the  prostate  and  the  neck  of  the  bladder  are  large  and  tortuous  veins,  which  form 
the  prostatic  and  the  vesical  plexuses.  They  empty  themselves  into  the  internal 
iliac.  In  early  life  they  are  not  much  developed,  but  as  puberty  approaches  they 
gradually  increase  in  size,  and  one  not  familiar  with  the  anatomy  of  these  parts 
would  hardly  credit  the  size  which  they  sometimes  attain  in  old  persons.  They 
communicate  freely  behind  with  the  inferior  hasmorrhoidal  plexus,  or  veins  about 
the  anus,  and  they  receive  the  blood  returning  from  the  penis  through  the  large 
veins  which  pass  under  the  pubic  arch. 
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If,  in  lithotomy,  the  incision  be  carried  beyond  the  limits  of  the  prostate,  the 
great  veins  around  it  must  necessarily  be  divided ;  these,  independently  of  any 
artery,  are  quite  sutificient  to  occasion  serious  haimorrhage* 

Rectum  and  its  Relations. — The  rectum  is  about  eight 
inches  {20  cm.)  long.  It  is  a  continuation  of  the  sigmoid  flexure 
of  the  colon,  enters  the  pelvis  at  the  left  sacro-iliac  articulation, 
describes  a  curve  corresponding  to  the  sacrum  and  coccyx,  and 
terminates  at  the  anus.  The  rectum  also  inclines  from  the  left 
side  to  the  middle  line,  and  before  its  termination  the  bowel 
turns  downwards,  so  that  the  anal  aperture  is  dependent. 
Although  it  loses  the  sacculated  appearance,  it  is  not  throughout 
of  equal  calibre,  and  its  capacity  becomes  greater  as  it  descends 
into  the  pelvis  ;  immediately  above  the  sphincter,  it  presents  a 
considerable  dilatation,  the  ampulla  (Fig.  187).  This  dilatation 
is  not  material  in  early  life,  but  it  increases  as  age  advances. 
Under  such  circumstances  the  rectum  loses  altogether  its 
cylindrical  form,  and  bulges  up  on  either  side  of  the  prostate 
and  the  base  of  the  bladder.  For  this  reason  the  rectum  should  • 
always  be  emptied  before  the  operation  of  lithotomy. 

The  rectum  is  conveniently  divided  into  three  portions,  the 
upper,  the  middle,  and  the  lower. 

The  upper  portion  is  about  three  inches  and  a  half  (c^.^*  cm^ 
in  length,  and  extends  as  low  as  the  third  bone  of  the  sacrum, 
to  which  bone  it  is  connected  by  a  fold  of  peritoneum,  termed 
the  meso-rectum.  In  this  fold,  the  terminal  branch  of  the  in- 
ferior mesenteric  artery  with  its  vein  runs  down  to  supply  the 
bowel.  This  portion  of  the  rectum  has  behind  it,  the  sacral 
plexus  of  nerves,  the  pyriforrais,  and  some  branches  of  the  left 
internal  iliac  artery ;  in  front,  it  has  the  bladder  and  the  recto- 
vesical pouch. 

The  middle  portion  comprises  three  inches  (/.5  cm}j  in  length, 
and  is  continuous  with  the  lower  portion  at  the  tip  of  the 
coccyx.  It  is  connected  posteriorly  to  the  sacrum  and  coccyx 
by  loose  connective  tissue,  and  is  covered  by  peritoneum  only 
in  front  in  the  upper  part,  which  forms  the  recto-vesical 
pouch.  It  has  in  front,  the  fundus  of  the  bladder,  the  vesiculae 
seminales,  the  vasa  defcrentia,  and  the  prostate  ;  while  in  the 
female  it  is  closely  connected  to  the  posterior  wall  of  the 
vagina. 

*  In  the  supra-pubic  lithotomy  it  will  be  noted  that  the  veins  are  enlarged,  and 
great  care  should  be  taken  to  cut  as  few  vessels  as  possible  to  avoid  pelvic  cellu- 
litU,  »>.,  separate  tissues  and  vessels,  until  the  bladder  is  reached.     (A.  H.) 
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The  lower  portioji  comprises  the  lowest  inch  and  a  half 
{J. 8 cm.)  of  the  rectum.  It  is  entirely  destitute  of  peritoneum, 
and  is  supported  by  the  levatores  ani,  the  larger  portions  of 
which  are  inserted  into  its  side ;  it  has  also  surrounding  it,  the 
internal,  and  lastly  the  external  sphincters.*  There  is  a  con- 
siderable interval  between  it  and  the  membranous  portion  of 
the  urethra  in  the  male,  and  the  vagina  in  the  female. 

Digital  Examination  of  the  Rectum.  —  The  relations  of  the" 
front  part  of  the  rectum  —  that,  namely,  included  between  the 
recto-vesical  pouch  and  the  anus  —  are  most  important.  If 
the  forefinger  be  introduced  into  the  anus,  and  a  catheter  into 
the  urethra,  the  first  thing  felt  through  the  front,  wall  of  the 
bowel  is  the  membranous  part  of  the  urethra  (Fig.  189).  It 
lies  just  within  the  sphincter,  and  is  about  f  of  an  inch  {20  mm.) 
in  front  of  the  gut.  About  one  and  a  half  or  two  inches  {J.8 
to  5  cm.)  from  the  anus  the  finger  comes  upon  the  prostate 
gland ;  this  is  in  close  contact  with  the  gut,  and  is  readily  felt 
on  account  of  its  hardness ;  by  moving  the  finger  from  side  to 
side  we  recognize  its  lateral  lobes.  Still  higher  up,  the  finger 
goes  beyond  the  prostate,  and  reaches  the  trigone  of  the  bladder  : 
the  facility  with  which  this  can  be  examined  depends,  not  only 
upon  the  length  of  the  finger  and  the  amount  of  fat  in  the 
perineum,  but  upon  the  degree  of  distension  of  the  bladder ; 
the  more  distended  the  bladder,  the  better  can  the  prostate  be 
felt.  These  several  relations  are  practically  important.  They 
explain  why,  with  the  finger  in  the  rectum,  we  can  ascertain 
whether  the  catheter  is  taking  the  right  direction  —  whether 
the  prostate  be  enlarged  or  not.  We  might  even  raise  a  stone 
from  the  bottom  of  the  bladder  so  as  Xo  bring  it  in  contact  with 
the  forceps. 

The  rectum  is  supplied  with  blood  by  the  superior,  middle,  and  inferior  hsemor- 
rhoidal  arteries.  The  superior  comes  from  the  inferior  mesenteric  (p.  468)  ;  the 
middle  from  the  anterior  division  of  the  internal  iliac  artery,  and  the  inferior  from 
the  pudic  arteiy.  The  superior  hsemorrhoidal  veins  join  the  inferior  mesenteric, 
and  consequently  the  portal  system ;  the  middle  and  the  inferior  hasmorrhoidal 
veins  join  the  internal  pudic,  and  thence  the  internal  iliac  vein.  They  are  very 
large  and  form  loop-like  plexuses  about  the  lower  part  of  the  rectum.  Having 
no  valves,  they  are  liable  to  become  dilated  and  congested  from  various  internal 
causes;  hence  the  frequency  of  hasmorrhoidal  affections. 

*  Some  authors  maintain  that  the  rectum  proper  begins  at  the  second  portion 
above  noted;  but  if  the  appearance  of  the  muscular  coat  is  to  be  taken,  this  de- 
scription is  the  better  of  the  two.  The  muscular  coat  is  in  two  complete  layers, 
longitudinal  on  the  outside,  and  circular  on  the  inside,  starting  at  the  left  sacro- 
iliac joint.     (A.  H.) 
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Bladder. —  This  viscus,  being  a  receptacle  for  the  urine,  must 
necessarily  vary  in  size,  and  accordingly  the  nature  of  its  con- 
nections and  coats  is  such  as  to  permit  this  variation.  When 
contracted,  the  bladder  sinks  into  the  pelvis 
behind  the  pubic  arch,  and  is  completely 
protected  from  injury.  But,  as  it  gradually 
distends,  it  rises  out  of  the  pelvis  into  the 
abdomen,  and,  in  cases  of  extreme  distension, 
may  reach  up  to  the  umbilicus.*  Its  out- 
line can  then  be  easily  felt  through  the  walls 
of  the  abdomen.  The  form  f  of  the  dis- 
tended bladder  is  oval,  and  its  long  axis,  if 
prolonged,  would  pass  superiorly  through 
the  umbilicus,  and  inferiorly  through  the 
end  of  the  coccyx.  The  axis  of  a  child's 
bladder  is  more  vertical  than  that  of  the 
adult ;  for  in  children  the  bladder  is  not  a 
pelvic  viscus.  This  makes  lithotomy  in 
them  so  much  more  difficult. 

The  quantity  of  urine  which  the  bladder  will  hold  without 
much  inconvenience  varies.  As  a  general  rule,  it  may  be  stated 
at  about  a  pint.  Much  depends  upon  the  habits  of  the  indi- 
vidual ;  but  some  persons  have,  naturally,  a  very  small  bladder, 
and  are  obliged  to  empty  it  more  frequently. 

In  young  persons  the  lowest  part  of  the  bladder  is  the  neck, 
or  that  part  which  joins  the  prostate.  But  as  age  advances,  the 
bottom  of  the  bladder  gradually  deepens  so  as  to  form  a  pouch 
behind  the  prostate.  In  old  subjects,  particularly  if  the  pros- 
tate be  enlarged,  this  pouch  becomes  deep,  micturition  becomes 
tedious,  and  the  bladder  cannot  completely  empty  its  contents. 
It  sometimes  happens  that  a  stone  in  the  bladder  is  not  felt ; 


Fig.  190.  —  Posterior 
View  of  the  Bladder. 
I.  Ureter.    2.  Vas  deferens. 

3.  Vesicula     seminalis. 

4.  Trigone.    5.  Prostate. 


*  When  the  bladder  is  completely  paralyzed  it  becomes  like  an  inorganic  sac, 
and  there  seems  to  be  no  limit  to  its  distension.  Hall  found,  in  a  drankard,  the 
bladder  so  dilated  that  it  would  hold  twenty  pints  of  water.  {Eleni.  Phys.  art. 
Vesica.)-  Frank  saw  a  bladder  so  distended  as  to  resemble  ascites,  and  evacuated 
from  it  twelve  pounds  of  urine.  (Oraiio  de  Sign's  Morbormn,  &c.  &c.  Ticini, 
1788.) 

W.  Hunter,  in  his  Anatomy  of  the  Gravid  Uterus,  has  given  the  representation 
of  a  bladder  distended  nearly  as  high  as  the  ensiform  cartilage. 

t  In  all  animals  with  a  bladder,  the  younger  the  animal  the  more  elongated  is 
the  bladder.  This  is  indicative  of  its  original  derivation  from  a  tube,  i.e.,  the 
urachus.  In  the  infant,  the  bladder  is  of  a  pyriform  shape,  as  it  is,  permanently, 
in  the  quadruped ;  but  as  we  assume  more  and  more  the  perpendicular  altitude, 
the  weight  of  the  urine  gradually  makes  the  lower  part  more  capacious. 
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the  reason  of  which  may  be  that  the  stone,  lodged  in  such  a 
pouch  below  the  level  of  the  neck  of  the  bladder,  escapes  the 
detection  of  the  sound.  Under  these  circumstances,  if  the 
patient  be  placed  on  an  inclined  plane  with  the  pelvis  higher 
than  the  shoulders,  the  stone  falls  out  of  the  pouch,  and  is 
easily  struck. 

The  bladder  is  divided  into  a  summit,  a  body,  a  base,  and  a 
neck. 

The  sinmnit  is  its  highest  part,  and  to  it  is  attached  a  thin 
fibrous  cord,  the  urachus,  which  passes  up  to  the  umbilicus, 
and  is  the  obliterated  remains  of  a  canal  connecting  the  foetal 
bladder  with  a  sac  external  to  the  foetus,  called  the  allantois. 

The  body  on  its  anterior  aspect  is  not  covered  with  perito- 
neum, and  is  in  relation  with  the  symphysis  pubis,  the  tri- 
angular ligament,  and  the  obturator  internus ;  posteriorly,  it  is 
covered  with  peritoneum,  and  is  in  relation  in  the  male  with  the 
rectum,  and  in  the  female  with  the  uterus  ;  laterally,  it  is  only 
covered  with  peritoneum  behind,  and  is  in  relation  with  the 
obliterated  hypogastric  arteries,  the  vasa  deferentia,  and  ureters. 

The  base  is  the  lowest  part  of  the  bladder  resting  upon  the 
middle  portion  of  the  rectum,  and  is  only  slightly  covered 
behind  with  peritoneum  ;  below,  it  is  in  contact  with  the 
vesiculae  seminales  and  vasa  deferentia,  which  latter  pass  for- 
ward as  far  as  the  prostate  ;  the  reflection  of  the  peritoneum 
posteriorly  with  the  vasa  deferentia  converging  towards  the 
front,  forms  a  triangular  space  through  which  the  bladder  is 
tapped  in  cases  of  retention  of  urine. 

The  neck  is  the  narrow  portion  where  the  urethra  begins, 
and  its  direction  is  downwards  and  forwards.  It  is  embraced 
by  the  prostate  gland. 

Ureter.  —  The  ureter*  is  about  twelve  inches  {JOj:m.)  long, 
and  conveys  the  urine  from  the  kidney  to  the  bladder.  In  the 
dissection  of  the  abdomen  (p.  471),  it  was  seen  descending  along 
the  psoas  muscle,  behind  the  spermatic  vessels,  and  crossing  the 
common  iliac  artery  into  the  pelvis.  Tracing  it  downwards,  in 
the  posterior  false  ligament  of  the  bladder,  below  the  obliterated 
hypogastric  artery,  we  find  that  it  runs  along  the  side  of  the 
bladder,  external  to  the  vas  deferens,  and  enters  it  about  an  inch 

*  The  length  of  the  ureter  is  variously  stated  up  to  eighteen  inches  {4^  cm.), 
but  the  length  given  above  is  the  average.  It  is  about  5  of  an  inch  (4  mfu.)  in 
diameter  vs^h en  distended,  except  about  two  inches  (j"  a?i.)  belowthe  kidney,  where 
it  is  slightly  contracted.     (A.  H.) 
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and  a  half  {J.8  cm.)  behind  the  prostate,  and  about  two  inches 
(5  c}n.)  from  its  fellow  of  the  opposite  side  (Fig.  i88).  It  per- 
forates the  bladder  very  obliquely,  so  that  the  aperture,  being 
valvular,  allows  the  urine  to  flow  into,  but  not  out  of  it.  The 
narrowest  part  of  the  ureter  is  at  the  vesical  orifice  ;  here,  there- 
fore, a  calculus  is  more  likely  to  be  arrested  in  its  progress  than 
at  any  other  part  of  the  canal. 

Vas  Deferens.  — This  tube,  about  sixteen  inches  y.0  cm.)  in 
length,  one-twelfth  of  an  inch  {2.^  mm.)  in  diameter,  conveys 
the  seminal  fluid  from  the  testicle  into  the  prostatic  part  of  the 
urethra.  Taking  its  origin  at  the  lower  part  of  the  globus  minor 
behind  the  testis,  it  ascends  at  the  back  part  of  the  testis  and 
epididymis,  along  the  back  of  the  spermatic  cord  through  the 
inguinal  canal  into  the  abdomen  ;  then,  leaving  the  cord  at  the 
inner  ring,  it  curves  round  the  deep  epigastric  artery,  then 
crosses  over  the  external  iliac  vessels,  and  descends  into  the 
pelvis  on  the  side  of  the  bladder,  gradually  approaching  nearer 
the  middle  line.  Before  it  reaches  the  prostate,  it  passes  be- 
tween the  bladder  and  the  ureter ;  then  becoming  very  saccu- 
lated, it  runs  forwards  internal  to  the  vesicula  seminalis,  and  is 
joined  by  the  duct  of  this  vesicle.  The  common  duct  thus 
formed,  ductus  communis  cjacnlatorius,  terminates  in  the  lower 
part  of  the  prostatic  portion  of  the  urethra  (Fig.  178,  p.  492). 
In  point  of  size  and  hardness,  the  vas  deferens  has  very  much 
the  feel  of  whipcord  ;  *  its  diameter  in  the  funicular,  inguinal, 
and  pelvic  portions  as  far  as  the  post  vesicular  position  is  jV  of 
an  inch  (2.5  mm),  the  walls  being  very  thick  and  calibre  very 
small,  about  -2V  of  "^^  inch  (/  mm.),  and  is  composed  of  cellular, 
muscular,  and  mucous  coats. 

Vesiculae  Seminales. — These  are  situated,  one  on  either 
side,  between  the  base  of  the  bladder  and  the  rectum,  and  serve 
as  reserv^oirs  for  the  fluid  secreted  by  the  testes,  and  also  secrete 
themselves  a  fluid  accessory  to  that  of  the  testicles  (Fig.  189). 
Each  is  a  tube,  but  so  convoluted  that  it  is  like  a  little  sacculated 
bladder.  When  rolled  up,  the  tube  is  about  two  and  a  quarter 
inches  {6  cm.)  long,  and  a  half  an  inch  {12.^  mm.)  in  breadth  ; 
unrolled,  it  would  be  more  than  twice  that  length,  and  about 

*  The  description  in  the  text  assumes  the  bladder  to  be  distended.  But  when 
the  bladder  is  empty,  the  vas  deferens  runs  down  upon  llie  side  of  the  pelvis.  In 
thi.s  course  it  maybe  seen,  through  tlie  ])eiitoiieum,  crossing —  i,  tlie  external  iliac 
vessels;  2,  the  remains  of  the  umbilical  artery;  3,  the  obturator  artery  and  nerve; 
4,  the  ureter. 
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the  size  of  a  small  writing-quill.  Its  coats  are  the  same  as  those 
of  the  vas  deferens.  Several  csecal  prolongations  proceed  from 
the  main  tube,  after  the  manner  of  a  stag's  horn.  The  vesiculse 
seminales  do  not  run  parallel,  but  diverge  from  each  other,  pos- 
teriorly, as  far  as  the  reflection  of  the  recto-vesical  •  peritoneal 
pouch,  like  the  branches  of  the  letter  V,  and  each  lies  imme- 
diately on  the  outer  side  of  the  vas  deferens,  into  which  it 
opens. 

The  vesiculae  seminales  contain  a  brownish-colored  fluid,  pre- 
sumed to  be  in  some  way  accessory  to  the  function  of  genera- 
tion.* 

Prostate  Gland. — The  prostate  is  a  muscular  and  glandular 
mass  situated  at  the  neck  of  the  bladder,  and  surrounds  the  first 
part  of  the  urethra  (Fig.  189).  In  the  healthy  adult  it  is  about 
the  size  and  shape  of  a  horse-chestnut.  Its  apex  is  directed 
forwards  as  far  as  the  deeper  layer  of  the  triangular  ligament. 
It  is  surrounded  by  a  plexus  of  veins  (p.  516),  and  is  maintained 
in  its  position  by  the  pelvic  fascia  (p.  515).  Its  upper  surface 
is  about  three-quarters  of  an  inch  {1 8  mm.)  below  the  symphysis 
pubis ;  its  apex  is  about  one  inch  and  a  half  {J.8  cm.)  from  the 
anus ;  the  base  is  about  two  and  a  half  {6.J  cw..).  It  consists 
of  striped  and  unstriped  muscular  elements  representing  about 
half  the  entire  mass.  The  unstriped  fibres  are  found  about  the 
urethral  orifices  of  the  ejaculatory  ducts,  acting,  probably,  to 
prevent  the  backward  flow  of  their  contents,  the  striped  fibres 
on  the  ventral  aspect  of  the  prostate  completely  encircling  the 
apex  of  the  organ,  and  are  in  contact  with  .the  transverse  perinei 
muscle.  Together  both  of  these  fibres  assist  the  forward  move- 
ment of  the  semen. 

Above  the  prostate  are  the  pubo-prostatic  or  anterior  liga- 
ments of  the  bladder,  with  the  dorsal  vein  of  the  penis  between 
them  ;  below,  and  in  contact  with  it,  is  the  rectum  ;  on  each  side 
of  it  is  the  levator  ani ;  m  front  of  it  are  the  membranous  part 
of  the  urethra  (surrounded  by  its  compressor  muscle)  and  the 
triangular  ligament ;  behind,  are  the  neck  of  the  bladder  and 
the  vesiculae  seminales  with  the  ejaculatory  ducts. 

The  transverse  diameter  is  about  one  inch  and  a  half  {J.8  cm.); 
the  vertical  is  about  an  inch  (^.5  cm.).  But  the  gland  varies  in 
size  at  different  periods  of  life.     In  the  child  it  is  imperfectly 

*  The  vesiculae  seminales  are  imperfectly  developed  till  the  age  of  puberty.     In 
child  three  years  of  age  they  can  hardly  be  inflated  with  the  blowpipe. 
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developed :  it  gradually  grows  towards  puberty,  and  generally 
increases  in  size  with  advancing  age. 

To  ascertain  the  size  and  condition  of  the  prostate  during 
life,  the  bladder  "should  be  at  least  half  full :  the  prostate  is  then 
pressed  down  towards  the  rectum,  and  readily  within  reach  of 
the  finger. 

Anatomy  of  the  Urethra  in  its  Passage  under  the  Pubic 
Arch.  —  The  urethra  is  a  musculo-mucous  canal  about  eight 
inches  (20  cm.)  in  length,  and  leads  from  the  bladder  to  the  end 
of  the  penis.  It  is  divided  into  three  portions  —  the  prostatic, 
the  membranous,  and  the  spongy.  At  present  only  the  relations 
of  the  membranous  part,  which  comprises  that  part  of  the 
canal  between  the  prostate  and  the  bulb,  can  be  examined.  The 
urethra  in  this  part  is  the  narrowest  of  the  canal,  and  measures 
one-half  inch  {12.^  mm.).  In  its  passage  under  the  pubic 
arch  it  is  surrounded  by  the  compressor  urethrae  {Guthrie's 
muscle),  and  below  it  are  Cowper's  glands.  It  tranverses  the 
two  layers  of  the  triangular  ligament,  and  is  about  an  inch 
{2.§  em.)  below  the  symphysis  pubis,  from  which  it  is  separated 
by  the  dorsal  vessels  and  nerves  of  the  penis,  and  by  some  con- 
nective and  muscular  tissue  ;  it  is  nearly  the  same  distance 
above  the  rectum  ;  it  is  not,  however,  equidistant  from  this 
portion  of  the  intestine  at  all  points,  because  of  the  downward 
bend  which  the  rectum  makes  towards  the  anus.* 

The  membranous  part  of  the  urethra  in  children-is  very  long, 
owing  to  the  smallness  of  the  prostate  at  that  period  of  life  ;  it 
is  also  composed  of  thin  and  delicate  walls,  and  lies  close  to  the 
rectum.  In  sounding  a  child,  therefore,  it  is  very  necessary  not 
to  use  violence,  else  the  instrument  is  likely  to  pass  through  the 
coats  of  the  urethra  and  make  a  false  passage. 

Levator  Ani. — This  muscle  supports  the  anus  and  lower 
part  of  the  rectum  like  a  sling  ;  and,  with  the  coccygeus  and 
compressor  urethrae,  forms  a  muscular  floor  for  the  cavity  of  the 
pelvis.  To  see  the  muscle,  the  pelvic  fascia  must  be  reflected 
from  its  upper  surface.  It  arises  in  front,  from  the  posterior 
aspect  of  the  os  pubis  near  the  symphysis  ;  behind,  from  the 
inner  surface  of  the  spine  of  the  ischium  ;  and,  between  these 
bones,  from  the  tendinous  hne  which  marks  the  division  of  the 
pelvic  fascia  into  the  obturator  and  recto-vesical  layers  (Fig.  i88, 

*  If  a  clean  vertical  section  were  made,  we  should  see  that  the  two  canals  form 
the  sides  of  a  triangular  space,  of  which  the  apex  is  towards  the  prostate.  This 
is  sometimes  called  the  recto-urethral  triangle. 
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p.  514).  From  this  long  origin  the  fibres  descend  inwards 
towards  the  middle  line,  and  are  inserted  thus  :  the  anterior,  the 
longest,  passing  under  the  prostate,  meet  their  fellow  in  the 
middle  line  of  the  perineum  in  front  of  the  anus  (forming 
the  levator prostatce) ^  joining  the  fibres  of  the  transversus  perinei 
and  the  external  sphincter  at  the  central  tendon  of  the  peri- 
neum ;  the  middle,  the  most  numerous,  are  inserted  into  the  side 
of  the  rectum ;  the  posterior  are  inserted,  partly  into  the 
coccyx,  and  partly  into  the  median. raphe  between  the  coccyx 
and  the  anus,  and  meet  their  fellow  beneath  the  rectum. 

The  levator  ani  is  supplied  by  the  inferior  haemorrhoidal,  the 
two  lower  sacral,  and  the  coccygeal  nerves. 

The  action  of  the  levators  ani  is  to  retract  the  anus  and  the 
rectum  after  it  has  been  protruded  in  defascation  by  the  com- 
bined action  of  the  abdominal  muscles  and  the  diaphragm. 

Coccygeus.  — This  muscle  is  placed  behind  the  levator  ani, 
and  should  be  regarded  as  a  continuation  of  that  muscle.  It  is 
triangular  in  shape,  and  .arises  by  its  apex  from  the  spine  of 
the  ischium  and  the  lesser  sacro-sciatic  ligament,  gradually 
spreads  out,  and  is  inserted  into  the  side  of  the  lower  part  of 
the  sacrum  and  the  coccyx.  Its  posterior  fibres  are  in  relation 
with  the  pyriformis,  its  anterior  fibres  are  continuous  with  the 
levator  ani.  This  muscle  is  supplied  by  the  two  lower  sacral 
and  the  coccygeal  nerves. 

Dissection.  —  At  this  stage  of  the  dissection,  the  bladder 
should  be  drawn  downwards,  and  the  branches  of  the  internal 
iliac  artery  and  the  sacral  plexus  clearly  displayed  on  the  right 
side,  by  carefully  clearing  away  the  prolongations  of  the  pelvic 
fascia  which  surround  them. 

Internal  Iliac  Artery  and  Branches.  —  From  the  divis- 
ion of  the  common  iliac  artery,  the  ifiternal  iliac  descends  into 
the  pelvis,  and  after  a  course  of  about  an  inch  and  a  half  (J.c? 
cm')  divides,  opposite  the  great  sacro-sciatic  notch,  into  two  large 
branches,  an  anterior  and  posterior  (Fig.  191).  The  artery 
lies  upon  the  lumbo-sacral  cord,  the  pyriformis  muscle,  the  ex- 
ternal and  internal  iliac  veins  ;  the  ureter,  enclosed  in  the  pos- 
terior false  ligament  of  the  bladder,  passing  in  front  :  the  psoas 
lies  to  its  outer  side  at  the  commencement  of  its  course. 

The  posterior  division  gives  off  the  ilio-lumbar,  lateral  sacral, 
and  gluteal  arteries  ;  the  anterior  gives  off  the  superior  vesical, 
obturator,  inferior  vesical,  middle  haemorrhoidal,  sciatic,  and 
pudic  ;  also  the  uterine  and  vaginal   in  the  female.      Such  is 
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their  usual  order  ;   but  these  branches,  though  constant  as   to 
their  general  distribution,  vary  as  to  their  origin. 
The  branches  of  the  posterior  division  are  — 

a.  The  iliolumbar  is  analogous  to  the  lumbar  branches  of  the  aorta.  It 
ascends  beneath  the  psoas  and  the  external  iliac  vessels  to  get  to  the  superficial 
surface  of  the  iliacus.  Here  it  divides  into  an  iliac  and  a  lumbar  branch  ;  the  iliac 
branch  supphes  branches  to  the  iliacus,  a  branch  to  the  diploe  of  the  Oium,  and  a 
large  branch  along  the  ihac  crest,  which  finally  inosculates  with  the  deep  circum- 
flexa  ilii,  the  epigastric,  the  gluteal,  and  the  external  circumflex  arteries;  the 
lumbar  branch  supplies  the  psoas  and  the  quadratus  lumborum,  and  anastomoses 
with  the  last  lumbar  artery ;  it  distributes  a  small  branch  to  the  Cauda  equina, 
through  the  foramen,  between  the  last  lumbar  and  first  sacral  vertebrae. 

b.  The  lateral  sacral,  usually  two  in  number,  an  upper  and  a  lower,  descend  in 
front  of  the  sacral  foramina,  and  inosculate  on  the  coccyx  with  the  middle  sacral 
artery ;  the  upper  enters  one  of  the  upper  sacral  foramina,  and,  after  supply- 
ing the  structures  in  the  sacral  canal,  emerges  on  the  back  through  one  of  the 
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Fig.  191.  — Plan  of  the  Branches  of  the  Internal  Iliac  Artery 

posterior  foramina  and  supplies  the  muscles  in  the  neighborhood,  anastomosing 
with  the  gluteal  artery;  the  lower  descends  in  front  of  the  pyriformis,  supplying 
branches  to  this  muscle,  the  bladder,  and  rectum,  and  others  which  enter  the  an- 
terior sacral  foramina  for  the  supply  of  the  cauda  equina,  and  finally  emerge 
through  the  posterior  sacral  foramina  to  end  in  the  muscles  and  skin  of  the  back : 
this  branch  inosculates  with  the  middle  and  lateral  sacral  arteries  and  the  gluteal. 
c.  The  j^luleal  is  the  largest  branch.  It  passes  immediately  out  of  the  pelvis 
through  the  great  sciatic  notch,  above  the  pyriformis  muscle,  and  then  divides  into 
a  superficial  and  deep  branch;  the  former  passes  beneath  the  gluteus  maximus; 
the  latter  passes  between  the  gluteus  medius  and  minimus,  and  then  divides  into 
two  branches,  one  running  along  the  upper  attached  border  of  the  gluteus  mini- 
mus, the  other  passing  obliquely  across  the  same  muscle  as  far  as  the  great  tro- 
chanter, to  anastomose  with  the  external  circumflex  artery.  These  will  be  dis- 
sected with  the  gluteal  region. 

The  anterior  division  gives  off  — 

a.  The  superior  vesical  artery,  which  comes  off  from  the  unobliterated  portion 
of  the  hypogastric,  and  supplies  the  upper  part  of  the  bladder.  It  gives  off  the 
middle  vesical  artery,  which  supplies  the  base  of   the  bladder  and  the  vesicula 


526 


INTERNAL    ILIAC    ARTERY    AND    BRANCHES. 


seminalis ;  a  small  branch,  the  deferential,  which  accompanies  the  vas  deferens 
to  the  testis  and  inosculates  with  the  spermatic  artery ;  and  smaller  branches  to 
the  ureter. 

b.  The  inferior  vesical  artery,  which  ramifies  on  the  under  surface  of  the  bladder, 
the  vesiculJE  seminales,  and  the  prostate,  anastomosing  with  branches  of  the  corre- 
sponding artery  of  the  other  side. 

c.  The  middle  hcemorrhoidal  ai'tery,  which  usually  arises  in  conjunction  with 
the  preceding,  and  supplies  the  rectum,  inosculating  with  the  other  hcemorrhoidal 
arteries. 

d.  The  obttirator  artery,  which  runs  along  the  side  of  the  pelvis,  below  the 
corresponding  nerve,  to  the  upper  part  of  the  obturator  foramen,  through  which  it 
passes  to  be  distributed  to  the  muscles  of  the  thigh.  /«  the  pelvis  it  lies  between 
the  peritonemn  and  the  pelvic  fascia,  and  gives  off  a  small  branch  to  the  iliacus, 
which  anastomoses  with  the  ilio-lumbar;  a  vesical  branch,  which  passes  back- 
wards to  supply  the  bladder ;  and  another,  the  pubic  branch,  which  ramifies  on 
the  back  of  the  os  pubis,  and  inosculates  with  the  corresponding  branch  of  the 
deep  epigastric  artery  and  mth  its  fellow  of  the  opposite  side.  External  to  the 
pelvis  it  divides  into  an  external  and  internal  branch,  which  respectively  skirt  the 
outer  and  inner  margins  of  the  obturator  foramen. 

The  obturator  artery  does  not,  in  all  subjects,  take  the  course  above  stated, 


Fig.  192. — View  of  the  Different  Directions  which  an  Abnormal  Obturator  Artery 

MAY    TAKE.      (SeEN   FROM    AbOVE.) 

A.  I.  Gimbernat's  Ligament.  2.  Femoral  ring.  3.  Abnormal  obturator  artery. _  4.  External  iliac 
vein.  5.  External  iliac  artery.  6.  Diminutive  obturator  artery  arising  from  its  normal  source. 
B.  I.  Gimbernat's  ligament.  2.  Abnormal  obturator  artery.  3.  Femoral  ring.  4.  External 
iliac  vein.     5.  External  iliac  artery.    6.  Diminutive  obturator  artery. 

since,  in  one  case  in  three  and  a  half,  it  arises  from  the  deep  epigastric,  and  in 
one  out  of  seventy-two  cases  it  has  its  origin  by  a  branch  from  the  obturator  join- 
ing a  branch  from  the  epigastric.  It  may  arise  from  the  external  iliac  near  the 
crural  arch,  or  by  a  short  trunk  in  common  with  the  epigastric*  Under  these 
circumstances,  in  order  to  reach  the  obturator  foramen,  it  generally  descends  on 
the  outer  side  of  the  femoral  ring.  Instances,  however,  occasionally  occur,  where 
it  makes  a  sweep  round  the  inner  side  of  the  ring ;  so  that  three-fourths  of  the 
ring,  or,  what  comes  to  the  same  thing,  of  the  neck  of  a  femoral  hernia,  would  in 
such  a  case  be  suiTounded  by  a  large  artery. 

*  Inmost  subjects  a  small  branch  of  the  obturator  ascends  behind  the  ramus 
of  the  OS  pubis  to  inosculate  with  the  epigastric.  The  variety  in  which  the  obtu- 
rator arises  in  common  with  the  epigastric  is  but  an  unusual  development  of  this 
branch.  The  branch  derives  additional  interest  from  the  fact,  that  after  ligature 
of  the  external  iliac  it  becomes  greatly  enlarged,  and  canies  blood  directly  into  the 
epigastric.     See  a  case  in  Med.  Chir.  Trans.,  vol.  xx.,  1836. 
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e.  The  sciatic  or  ischiatic  artery  is  the  larger  of  the  two  branches  into  which  the 
anterior  trunlc  divides.  It  proceeds  over  the  pyriformis  and  the  sacial  plexus,  to 
the  lower  border  of  the  great  sciatic  notch,  through  which  it  passes  out  of  the 
pehds  between  the  pyriformis  and  coccygeus  to  the  buttock,  where  it  runs  with 
the  gieat  sciatic  nerve  between  the  great  trochanter  and  the  ischial  tuberosity.  It 
gives  off  small  inuscidar  branches  in  the  pelvis  to  the  pyriformis,  coccygeus,  and 
levator  ani ;  vesical  branches  to  the  bladder,  prostate,  and  vesiculae  seminales  ;  and 
ha:morrhoidal  branches  to  the  rectum. 

/  The  internal pudic  artery  supplies  the  perineum,  scrotum,  and  penis.  In  the 
pelvis  it  usually  lies  above  the  sciatic,  and  rests  upon  the  pyriformis  and  sacral 
plexus,  having  the  rectum  to  its  inner  side.  It  passes  out  of  the  pelvis  through 
the  great  sciatic  foramen,  below  the  pyriformis  and  above  the  coccygeus,  crosses 
over  the  spine  of  the  ischium,  and  re-enters  the  pelvis  through  the  lesser  foramen. 
It  then  ascends  on  the  inner  side  of  the  obturator  internus  towards  the  pubic  arch, 
where  it  gives  branches  to  the  several  parts  of  the  penis.  In  its  passage  on  the 
inner  side  of  the  obturator  muscle  it  is  enclosed  in  a  strong  tube  of  fascia  {Canal 
of  Alcock),  formed  by  the  obturator  fascia,  and  is  situated  about  one  inch  and  a 
quarter  {j.i  cm.)  above  the  .tuberosity  of  the  ischium.  It  now  ascends  under 
cover  of  the  ascending  ramus  of  the  ischium,  where  it  pierces  that  part  of  the 
pelvic  fascia  which  forms  the  posterior  layer  of  the  triangular  ligament,  and  con- 
tinues its  course  close  to  the  ramus  of  the  os  pubis,  between  the  two  layers  of  the 
ligament,  the  anterior  layer  of  which  it  pierces,  and  then  divides  into  the  artery  of 
the  corpus  cavernosum  and  the  dorsal  artery  of  the  penis.  Throughout  its  course 
it  is  accompanied  by  the  pudic  nerve  and  veins.  The  branches  of  the  pudic  artery 
were  described  in  the  dissection  of  the  perineum  (p.  506). 

The  pudic  artery,  however,  sometimes  takes  a  very  different  course.  Instead 
of  passing  out  of  the  pelvis,  it  may  run  by  the  side  of  the  prostate  gland  to  its 
destination  ;  or,  one  of  the  large  branches  of  the  pudic  may  take  this  unusual 
course,  while  the  pudic  itself  is  regular,  but  proportionably  small.  Anatomists  are 
familiar  with  these  varieties,  and  a  winter  session  rarely  passes  without  meeting 
with  several  e.xamples  of  them.  It  need  hardly  be  said  that  lithotomy,  under 
such  conditions,  might  be  followed  by  a  large  haemorrhage. 

The  middle  sacral  artery  is  a  small  branch  of  the  abdominal  aorta  at  its  point 
of  bifurcation.  It  descends  in  front  of  the  body  of  the  fifth  lumbar  vertebra,  the 
sacrum,  and  the  coccyx.  In  its  course  it  gives  off  small  branches  to  the  rectum, 
to  the  anterior  sacral  foramina,  and  it  finally  inosculates  on  the  sacrum  and  the 
coccyx  with  the  lateral  sacral  arteries.  It  gradually  becomes  smaller  as  it  passes 
down  and  terminates  near  the  tip  of  the  coccyx  in  a  small  body  about  the  size  of 
a  pea,  called  the  coccygeal  or  Liischkd's  gland,  which  has  been  previously  described 

(p.  479)- 

Respecting  the  veins  in  the  pelvis,  they  correspond  with  the  arteries,  and  empty 
themselves  into  the  internal  iliac  vein.  The  remarkable  plexus  of  veins  about  the 
prostate,  neck  of  the  bladder,  and  rectum,  has  been  described  (p.  516). 

Nerves  of  the  Pelvis. — Those  which  proceed  from  the 
spinal  cord  should  be  examined  first,  afterwards  those  derived 
from  the  sympathetic  system. 

Sacral  Nerves.  —  Five  sacral  nerves  proceed  from  the  spinal 
cord  through  the  anterior  sacral  foramina.  The  upper  four, 
from  their  large  size,  at  once  attract  observation  ;  but  the  fifth 
is  small  :  it  perforates  the  coccygeus  muscle,  supplying  it  and  the 
skin  over  the  coccyx. 

Sacral  Plexus.  —  The  anterior  divisions  of  three  upper  sacral 
nerves,  and  part  of  the  fourth,  with  the  lumbo-sacral  cord,  form 
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the  sacral  plexus.  The  great  nerves  of  this  plexus  lie  on  the 
anterior  surface  of  the  pyriformis,  covered  by  the  pelvic  fascia, 
which  separates  it  from  the  branches  of  the  internal  iliac  vessels 
and  the  pelvic  viscera.  The  large  cords,  diminishing  in  size 
from  above  downwards,  converge  from  the  sacral  foramina  to  the 
great  sacro-sciatic  foramen,  where  they  coalesce  to  form  a  broad 
fiat  cord,  which  passes  out  of  the  pelvis  beneath  the  pyriformis 
muscle,  for  the  supply  of  the  flexor  muscles  of  the  inferior 
extremity. 

Before  describing  the  branches  of  the  sacral  plexus,  it  will  be 
best  to  trace  those  sacral  and  coccygeal  nerves  which  do  not 
enter  into  the  formation  of  the  sacral  plexus. 

The  lower  part  of  the  fourth  sacral  nerve  lies  on  the  coccy- 
geus  muscle,  and  divides  into  muscular  and  visceral  branches, 
sending  a  filament  downwards  to  join  the  fifth  sacral  nerve.  It 
distributes  branches  to  the  pelvic  viscera,  and  muscular  twigs  to 
the  levator  ani,  the  coccygeus,  and  sphincter,  the  latter  of  which 
also  furnishes  a  small  cutaneous  filament  to  the  skin  between 
the  bone  and  the  anus. 

The  fifih  sacral  nei've  emerges  between  the  sacrum  and  the  coccyx,  pierces 
the  coccygeus,  and  lies  on  its  anterior  surface.  It  is  joined  by  a  twig  from  the 
fourth  sacral,  and,  after  running  a  short  distance,  pierces  the  coccygeus  again,  and 
is  distributed  to  the  skin  over  the  back  of  the  coccyx.  It  communicates  with 
the  coccygeal  nerve,  and  supplies  the  coccygeus  muscle. 

The  coccygeal  nei-ve,  not  easily  found,  emerges  through  the  end  of  the  sacral 
canal,  and  comes  forwards  through  the  coccygeus,  between  the  first  and  second 
pieces  of  the  coccyx.  It  pierces  the  great  sacro-sciatic  ligament,  and,  after  re- 
ceiving the  communicating  twig  from  the  fifth  sacral  nerve,  it  passes  backwards 
to  supply  the  integument  over  the  back  and  side  of  the  coccyx.  The  com- 
munications between  these  three  last  nerves  are  sometimes  described  as  the 
coccygeal  plexus. 

The  muscitlar  bj'anches  of  the  sacral  plexus  are  as  follows  :  — 
a.  MiisciUar  branches,  distributed  to  the  pyriformis,  the  ge- 
melli,  the  quadratus  femoris,  and  the  obturator  intern  us.  The 
nerve  to  the  obturator  internus  is  given  off  from  the  anterior 
aspect  of  the  plexus  (sometimes  from  the  pudic),  leaves  the 
pelvis  through  the  great  sciatic  foramen  with  the  pudic  artery, 
winds  with  it  round  the  ischial  spine,  and  re-enters  the  pelvis 
with  the  artery  to  reach  the  inner  aspect  of  the  obturator  in- 
ternus ;  it  distributes  a  small  twig  to  the  gemellus  superior. 
The  branch  to  the  quadratus  femoris  is  derived  from  the  plexus 
near  the  preceding  nerve  ;  it  passes  down,  beneath  the  gemelli 
and  obturator  internus,  to  enter  the  anterior  or  deep  aspect  of 
the  quadratus  femoris,  lying  between  this  muscle  and  the  cap- 
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sule  of  the  hip-joint  :  it  sends  off  a  small  twig  to  the  inferior 
gemellus,  and  another  to  the  hip-joint. 

b.  The  superior  gluteal  iic7-ve  Y>rocQQd?,  from  the  lumbo-sacral 
cord  and  the  first  sacral  nerve,  leaves  the  pelvis  through  the 
great  sacro-sciatic  foramen  with  the  gluteal  artery,  above  the 
pyriformis,  and  there  divides  into  two  branches  ;  the  upper  passes 
along  the  iliac  attachment  of  the  gluteus  minimus,  supplying  it 
and  the  gluteus  medius  ;  the  /^w^r  accompanies  the  lower  branch 
of  the  gluteal  artery,  and  supplies  the  glutei  medius  and  minimus 
and  the  tensor  fasciae  femoris. 

c.  The  pudic  nerve  from  the  second,  third,  and  fourth  sacral 
,  nerves,  runs  with  the  pudic  artery,  and  is  contained  in  the  same 

sheath  of  the  obturator  fascia ;  it  divides  into  two  branches 
—  the  perineal  nerve,  and  the  dorsal  nerve  of  the  penis  ;  the 
yi?;'wrr  accompanies  the  superficial  perineal  artery,  and  supplies 
cutaneous  branches  and  muscular  branches  to  the  external 
sphincter,  the  accelerator  urinae,  the  transversus  perinei,  the 
erector  penis,  and  the  compressor  urethrse ;  the  dorsal  neive 
accompanies  the  last  part  of  the  pudic  artery,  and,  after  pier- 
cing the  anterior  layer  of  the  triangular  ligament  and  the  sus- 
pensory ligament,  runs  along  the  dorsum  of  the  penis  external  to 
the  dorsal  artery,  and  is  distributed  to  the  glans  and  the  prepuce. 

d.  The  sjuall  sciatic  nerve  from  the  second  and  third  sacral 
nerves  passes  through  the  great  sacro-sciatic  foramen  below  the 
pyriformis,  and  then  divides  into  two  branches  :  one,  a  motor  — 
the  inferior  gluteal — supplies  the  gluteus  maximus  ;  the  other, 
long  piidejidal  nerve,  or  nerve  of  Soemmerring,  a  sensory,  sup- 
plies cutaneous  branches  to  the  back  of  the  thigh  and  leg,  to 
the  skin  over  the  gluteus  maximus,  and  to  the  perineum  and 
scrotum.  These  will  be  dissected  later  on  with  the  lower 
extremity. 

e.  The  great  sciatic  nerve  from  a  part  of  the  fourth  lumbar 
nerve,  "nerve  yurcxlis,"  joining  the  fifth  lumbar-nove  to  form 
the  lumbo-sacral  cord.  This  cord  is  joined  by  t lie  first,  second, 
and  third  sacral  noves  making  a  large  nerve-cord  which  passes 
along  the  back  of  the  thigh  anterior  to  the  gluteus  maximus  and 
the  hamstring  muscles,  and  will  be  dissected  at  a  later  stage. 

Pelvic  Sympathetic  Plexus.  —  From  the  lumbar  region  the  sympathetic 
nerve  descends  into  the  pelvis  along  the  inner  side  of  the  anterior  sacral  foramina. 
In  this  part  of  its  course  its  ganglia  vary  in  number  from  four  to  five.  The 
nerves  of  opposite  sides  unite  in  front  of  the  coccyx,  where  they  form  ihc ganglion 
impar. 


530 


LUMBAR    AND    SACRAL    PLEXUSES. 


SucraZ  Plexus. 

. ^ 

O    tn     «^        Cs         ^5  •*»  ^ 


lumbar PtexttS. 


Fig.  193.  —  Sacral  Plexus  and  Lumbar  Plexus.     (From  "Potter.") 
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The  arrangement  of  the  sympathetic  nerves  in  the  pelvis  is  similar  to  that  in 
the  abdomen,  each  ganglion  receiving  a  branch  from  the  ganglion  above  and 
another  from  the  ganglion  below.  The  external  branches  communicate  with  the 
sacral  nerves,  one  probably  going  to,  and  the  other  coming  from,  the  spinal  nerves  ; 
the  internal  branches  pass  partly  to  join  the  pelvic  plexus,  and  partly  to  the  plexus 
around  the  arteria  sacra  media. 

Th.Q  pc'lvic  plexicses  are  two  in  number,  and  are  situated  one  on  each  side  of  the 
rectum,  being  derived  from  the  hypogastric  plexus,  which  passes  downwards  be- 
tween the  common  Uiac  arteries  into  the  pelvis,  reinforced  by  filaments  from  the 
second,  third,  and  fourth  sacral  nerves  and  ganglia.  The  visceral  branches  are 
exceedingly  delicate,  and  cannot  be  traced  unless  the  parts  have  been  previously 
hardened  in  spirit.  They  accompany  the  arteries  supplying  the  respective  organs, 
and  are  the  inferior  hcsmorrhoidal  plexus  to  the  rectum ;  the  vesical  plexus  to 
the  sides  and  base  of  the  bladder,  and  secondary  plexuses  to  the  vas  deferens  and 
vesicula  seminalis  ;  the  prostatic  plexus  to  the  prostate,  the  vesicula  seminalis,  and 
the  cavernous  structure  of  the  penis;  and,  in  the  female,  the  vaginal  plexus  to  the 
vagina  and  its  erectile  tissue,  and  the  ttterine  plexus  to  the  neck  and  lower  part  of 
the  body  of  the  uterus,  running  between  the  layers  of  the  broad  ligament.  It  also 
distributes  numerous  filaments  to  the  fundus  of  the  uteiais  and  the  Fallopian  tubes. 
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PENIS. 

It  is  assumed  that  the  parts  have  been  collectively  taken  out 
of  the  pelvis,  and  that  the  partial  peritoneal  covering  of  the 
bladder  has  been  removed. 

Structure  of  the  Bladder.  —  The  bladder,  in  a  fairly  dilated 
condition,  measures  about  five  inches  {12.^  cm.)  in  length  and 
three  (J.^  cm.)  in  breadth,  and  when  moderately  full  will  con- 
tain about  a  pint  {412  c.c.)  of  urine.  The  bladder  is  composed 
of  a  partial  peritoneal  coat,  a  muscular  and  a  mucous  ;  between 
the  last  two  there  is  a  layer  of  connective  tissue,  which  is  called 
the  cellular  coat. 

The  seroits  or  peritoneal  coat  invests  the  posterior,  lateral,  and 
superior  surfaces  of  the  bladder  :  it  is  absent  on  the  anterior  and 
inferior  aspect. 

The  muscular  coat  is  situated  beneath  the  serous,  and  con- 
sists of  unstriped  muscular  fibres,  which  interlace  with  each 
other  in  all  directions.  Their  general  arrangement  is  as  follows  : 
An  outer,  or  longitudinal,  layer  arises  from  the  pubo-prostatic 
ligaments,  the  upper  half  of  the  circumference  of  the  prostate 
and  the  neck  of  the  bladder,  and  thence  its  fibres  spread  out 
longitudinally  over  the  summit  of  the  bladder,  pass  round  its 
posterior  aspect  and  base,  to  be  inserted  into  the  prostate  in  the 
male,  and  the  vagina  in  the  female.  This  layer  is  especially 
marked  on  the  anterior  and  posterior  surfaces  of  the  bladder. 
There  are  also  some  lateral  longitudinal  fibres  which  pass  back- 
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Prostate  gland. 


Membranous  part  of 
the  urethra. 


Ureter. 


Orifice  of  ureter. 


Uvula. 

Caput  gallinaginis. 

Orifice  of  seminal 
duct. 

IDowper's  gland. 

Bulb  of  urethra. 

Crus  penis. 

Orifice  of  the  duct  of 
Cowper's  gland. 


One  of  the  lacunae. 


Corpus  cavemosum 
penis. 


-   Glands  penis. 


Fig.  194. —  Bladder  and  Urethra,  Laid  Open  by  an  Incision  ai-ong  the  Upper 

Surface. 
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wards  from  the  sides  of  the  prostate  and  interlace  in  all  direc- 
tions. Betvveen  these  is  a  thm  layer  of  circular  fibres,  especially- 
developed  near  the  neck  and  the  commencement  of  the  urethra, 
where  they  form  a  sphincter  —  sphincter  vcsicce.  Towards  the 
sides  of  the  bladder  the  two  sets  of  fibres  have  a  less  definite 
arrangement  and  form  a  kind  of  network  ;  these,  therefore,  are 
the  weakest  parts  of  the  bladder,  and  more  liable  to  the  forma- 
tion of  pouches.*  The  development  and  color  of  the  muscular 
fibres  depend  upon  how  far  the  subject  has  suffered  from  irrita- 
tion of  the  bladder,  or  any  obstruction  to  the  expulsion  of  the 
urine. 

The  cellular  coat  loosely  connects  the  muscular  with  the 
mucous  coat,  and  is  firmly  adherent  to  the  latter. 

The  bladder  must  be  laid  open  by  an  incision  along  its 
front,  to  examine  its  interior.  In  a  recently  contracted  bladder, 
the  mucous  membrane  is  disposed  in  irregular  folds,  which  dis- 
appear when  the  bladder  is  distended.  In  a  healthy  state  it  is 
smooth,  soft,  and  pale  pink  color ;  when  inflamed,  it  becomes 
of  a  bright  red.  Under  the  microscope  its  surface  is  seen  to 
be  studded  with  mucous  folHcles.  These  follicles  secrete  the 
thick  ropy  mucus  in  inflammation  of  the  bladder. 

The  mucous  coat  is  loosely  connected  with  the  subjacent 
muscular  layer,  except  at  the  trigone  {of  Lientaud)  of  the  blad- 
der, where  it  is  firmly  adherent.  The  epithelium  is  composed 
of  flattened  polyhedral  cells  of  the  transitional  variety,  and 
beneath  these  there  have  been  described  by  Klein  a  layer  of 
large  club-shaped  cells  arranged  at  right-  angles  to  the  surface. 

When  the  interior  of  the  bladder  is  examined,  there  is  seen 
immediately  behind  the  urethra  a  triangular  smooth  surface, 
measuring  three-quarters  of  an  inch  to  an  inch  (l8  to  2^  mm.), 
the  apex  being  at  the  urethra.  This  surface  is  called  the  trigo- 
num  vesiccB,  and  is  paler  and  smoother  than  the  vesical  mucous 
membrane  elsewhere ;  laterally  it  is  bounded  by  ridges  extend- 
ing from  the  urethra  to  the  orifices  of  the  ureters,  the  base 
being  between  the  two  ureters.     This  space  corresponds  with 

*  These  pouches  arise  in  the  following  manner:  A  portion  of  mucous  mem- 
brane is  protruded  through  one  of  the  muscular  interstices,  so  as  to  form  a  little 
sac.  This  is  small  at  first,  but  gradually  increases  in  size,  because,  having  no 
muscular  coat,  it  has  no  power  of  emptying  itself ;  generally  speaking,  several 
such  sacs  are  met  with  in  the  same  bladder,  and  they  sometimes  contain  calcuH. 
If  a  calculus,  originally  loose  in  the  bladder,  happen  to  become  lodged  in  a  pouch 
by  the  side  of  if,  a  sudden  remission  of  the  .symptoms  may  ensue.  This  explains 
our  occa.sional  inability  to  detect  its  presence  at  each  examination  with  the  sound. 
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another  one  already  described  external  to  the  bladder,  and 
which  is  bounded  laterally  by  the  vesiculae  seminales,  and  behind 
by  the  reflection  of  the  peritoneum.  It  is  more  richly  provided 
with  blood-vessels  and  nerves  than  the  rest  of  the  bladder,  and 
is  endowed  with  more  acute  sensibility.  This  is  why  a  stone  is 
more  painful  when  the  bladder  is  empty,  and  in  the  erect  than 
in  the  recumbent  position. 

The  vesical  orifice  of  the  tirethra  is  situated  at  the  lower  and 
anterior  part  of  the  bladder,  not  at  the  most  dependent  part, 
which  forms  the  pouch  behind  the  orifice,  in  which  urine  is  apt 
to  accumulate  in  old  persons.  It  appears  small  and  contracted 
in  the  fresh  bladder,  but,  if  the  little  finger  be  introduced  into 
it,  it  will  dilate  considerably.  Immediately  behind  the  orifice 
there  is,  in  some  bladders,  a  slight  elevation  called  the  uvula 
of  Lieutatid.  It  is  composed  of  a  portion  of  the  mucous  mem- 
brane raised  up  by  an  accumulation  of  the  prostatic  and  sub- 
mucous tissue,  but  is  rarely  of  sufficient  size  to  interfere  with 
the  passage  of  the  urine.  This  elevation  must  be  distinguished 
from  enlargement  of  the  third  or  middle  lobe  of  the  prostate. 

The  orifices  of  the  ureters  are  situated  about  an  inch  and  a 
half  {^.8  cm.)  behind  the  urethra,  and  about  three-quarters  of 
an  inch  to  an  inch  (/<?  to  2^  mm.)  apart.  These  tubes  perfo- 
rate the  coats  of  the  bladder  obliquely,  and  slant  towards  each 
other,  standing  out  in  relief  under  the  mucous  membrane.*  A 
slight  ridge  proceeds  from  the  orifice  of  each  ureter  to  the 
neck  of  the  bladder,  looking  like  a  continuation  of  the  ureter 
itself.  If  the  mucous  membrane  be  removed  from  these  ridges, 
we  find  that  they  are  produced  by  muscular  fibres.  Sir  Charles 
Bell,f  who  first  drew  attention  to  them,  believed  them  to  be  of 
use  in  regulating  the  orifices  of  the  ureters,  and  named  them 
the  muscles  of  the  ureters. 

The  bladder  is  supplied  with  blood  by  the  superior,  middle,  and  inferior  vesical 
arteries.  The  superior  comes  from  the  unobliterated  portion  of  the  hypogastric ; 
the  middle,  from  the  superior  vesical  or  the  internal  ihac ;  the  inferior,  from  the 

*  This  slanting  of  the  ureters  serves  all  the  uses  of  a  valve.  The  urine  enters 
the  bladder,  drop  by  drop,  but  cannot  return,  because  the  internal  coat  is  pressed 
against  the  other  side  of  the  orifice,  so  as  to  stop  it.  When  the  bladder  becomes 
thickened,  in  consequence  of  difficulty  in  passing  urine,  it  sometimes  happens  that 
the  ureters  lose  their  valvular  direction,  so  that  the  urine,  when  the  bladder  con- 
tracts, is  partly  forced  back  up  the  ureters  :  the  result  is,  that  they  become  dilated, 
and  the  pelvis  of  the  kidney  also. 

t  Med.  Chir.  Trans.,  vol.  iii.  He  says :  "  These  muscles  guard  the  orifices  of 
the  ureters  by  preserving  the  obliquity  of  the  passage,  and  pulling  down  the 
extremities  of  the  ureters  according  to  the  degree  of  the  contraction  of  the  bladder 
generally." 
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anterior  division  of  the  internal  iliac  or  the  pudic.  Small  branches  are  also  distrib- 
uted to  the  bladder  by  the  obturator  and  sciatic  arteries. 

The  veins  of  the  bladder  form  large  plexuses  around  its  neck,  sides,  and  base, 
and  empty  themselves  into  the  internal  iliac  veins.  The  lymphatics  follow  the 
course  of  the  veins. 

Its  nerves  are  derived  from  the  hypogastric  and  sacral  plexuses;  the  former  is 
chiefly  distributed  to  the  top,  the  latter  to  the  neck  and  the  bottom  of  the  bladder. 

Prostate.  —  Having  already  examined  the  form,  size,  and 
relations  of  the  prostate  (p.  522),  we  have  now  to  make  out  its 
lobes.  There  are  txvo  lateral  lobes  presenting  on  their  upper 
and  lower  surfaces  a  median  longitudinal  furrow,  the  lower 
groove  terminating  behind  in  a  deep  cleft  ;  and  a  third  or 
middle  lobe.  The  middle  one  is  pyriform  in  shape,  unites  the 
lateral  lobes,  and  is  situated  between  them  and  the  urethra. 
In  health  it  does  not  appear  like  a  separate  lobe ;  but  when 
abnormally  enlarged,  it  projects  toward  the  cavity  of  the 
bladder,  and  acts  like  a  bar  at  the  mouth  of  the  urethra. 

Make  a  longitudinal  incision  through  the  upper  surface  of 
the  prostate  to  expose  the  urethra. 

Prostatic  Urethra.  —  This  canal  runs  rather  nearer  to  its 
upper  than  its  lower  surface,  and  is  not  of  the  same  calibre 
throughout.  This  part  of  the  urethra  is  about  an  inch  and  a 
quarter  (J./  C7n.)  long,  and  about  \  of  an  inch  (8.^  mm.)  in 
diameter.  It  is  U-shaped,  the  concavity  being  ventral.  It 
forms  a  sinus  in  the  interior  of  the  prostate,  described  by 
anatomists  as  the  sinus  of  tJie  prostate,  into  which  the  ducts  of 
the  prostate  open.  Along  the  floor  of  the  sinus  is  a  longitud- 
inal ridge,  about  three-quarters  of  an  inch  {18  7um.)  in  length, 
broad  and  elevated  behind,  but  gradually  fading  in  front.  This 
is  called  the  crest  of  the  urethra,  and  the  most  prominent  part 
of  it  is  named  the  vein  montaimm,  or  caput  ^alliiiaginis,  from 
its  supposed  resemblance  to  the  head  of  a  woodcock.  On  each 
side  of  this  prominence  the  common  ejaculatory  ducts  open 
(Fig.  194,  p.  532). 

Immediately  in  front  of  the  caput  gallinaginis,  in  the  middle 
line,  is  a  small  opening  which  will  admit  a  probe.  It  leads 
backwards  into  a  little  cul-de-sac  or  pouch  in  the  substance  of 
the  prostate.  This  pouch  is  described  as  the  analogue  of  the 
uterus,  and  called  the  ntriailus  or  si^uis  pocularis.  It  is  also 
called  the  uterus  masculiuus.  It  is  of  a  pyriform  shape,  run- 
ning backwards  and  upwards  with  the  narrowest  part  of  the 
orifice,  and  its  length  is  about  \  of  an  inch  {6  mm.).  It  ascends 
between   the  lateral  lobes   of  the  prostate,  and     beneath    the 
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middle  ;  its  coats  are  comparatively  thick  with  some  muscular 
tissue  enclosed  in  them,  and  it  is  lined  with  squamous  epithe- 
lium. The  minute  orifices  of  the  ducts  are  seen  opening  into 
the  floor  of  the  prostatic  sinus.  The  substance  of  the  gland  is 
permeated  by  the  divisions  and  subdivisions  of  the  ducts. 
They  are  not  visible  to  the  naked  eye,  but  if  traced  out  with 
the  microscope  they  are  seen  to  terminate  in  blind  sacculated 
extremities,  upon  which  the  capillaries  ramify  in  rich  profusion.* 

Structure  of  the  Prostate.  —  The  prostate  is  surrounded  by  a  firm  capsule  of 
fibrous  tissue,  and  is  composed  of  muscular  as  well  as  glandular  tissue  Nearly 
two-thirds  of  it  is  made  up  of  unstriped  muscular  fibres,  which  constitute  the 
stroma  of  the  gland,  and  have  the  following  arrangement :  externally,  beneath  the 
capsule,  they  form  a  thick  layer,  continuous  behind  with  the  external  muscular 
layer  of  the  bladder ;  and  in  front  they  are  arranged  in  a  circular  manner  round 


Fig.  195.  —  Lower  Part  of  the  Human  Bladder  Laid  Open;  showing  dear  part  or  trigone, 
one,  the  slit-like  openings  of  the  ureters,  the  divided  ureters  and  vesicute  seminales  -  the  sinus 
prostaticus,  and  on  each  side  of  it  the  openings  of  the  ejaculatory  ducts  and  below  both  nu- 
merous small  apertures  of  tlie  prostatic  ducts. 

the  urethra  at  its  vesical  orifice,  so  as  to  form  in  conjunction  with  the  vesical 
muscular  tissue,  a  sphincter;  the  next  layer  forms  a  dense  interlacing  stiatum,  in 
the  meshes  of  which  is  found  the  glandular  tissue ;  the  deepest  layer  consists  of 
a  thick  layer  of  circular  fibres,  blending  posteriorly  with  the  internal  vesical  mus- 
cular layer,  and  continuous  in  front  with  those  of  the  membranous  part  of  the 
urethra.  The  anterior  part  of  the  prostate  is  chiefly  muscular ;  postei'iorly,  the 
glandular  elements  predominate. 

The  glandular  tissue  consists  of   numerous  tubular  alveoli,  which  open  into 

*  This  was  first  demonstrated  by  the  late  Mr.  Quekett.  The  same  anatomist 
has  also  discovered  that  the  secreting  cells  of  the  gland  contain  calculi  of  micro- 
scopic minuteness.  He  finds  them,  almost  without  exception,  in  the  prostate  at 
every  period  of  life.  For  further  detail  concerning  them,  consult  the  article 
'  Prostate  '  in  Todd's  Cyclopedia. 
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elongated  excretory  ducts  lined  with  columnar  epithelium.  The  alveoli  are  con- 
nected together  by  connective  tissue,  associated  with  fibrous  prolongations  from 
the  capsule  of  the  gland,  and  with  the  muscular  tissue.  The  excretory  ducts  are 
from  twelve  to  twenty  in  number,  and  open  into  the  prostatic  sinus  in  the  floor  of 
the  urethra.*  The  prostate  is  remarkable  for  its  dilatability.  If  a  small  iiicision 
be  made  through  the  anterior  part  of  the  gland,  the  base  being  left  entire,  the  gland 
may  be  dilated  by  the  finger  sufficiently  to  allow  the  extraction  of  even  large 
calculi. 

Any  change  in  the  dimensions  of  the  prostate  affects  the  canal  which  runs 
through  it,  and  more  or  less  obstructs  the  flow  of  urine.  If  the  entire  gland  be 
uniformly  enlarged,  the  length  of  the  prostatic  urethra  is  increased  ;  if  the  enlarge- 
ment preponderate  at  one  part  more  than  another,  then  the  canal  will  deviate  more 
or  less  from  its  natural  track,  and  assume  a  more  angular  or  a  lateral  curve  accord- 
ing to  the  part  enlarged.  When  the  middle  lobe  becomes  enlarged,  there  arises, 
at  the  neck  of  the  bladder,  a  growth  whic'h  will,  in  proportion  to  its  size,  more  or 
less  obstruct  the  passage  of  the  urine.  In  the  efforts  made  to  introduce  a  catheter 
into  the  bladder,  it  sometimes  happens  that  the  end  of  the  instrnment  is  pushed 
through  this  hypertrophied  lobe. 

The  prostate  is  supplied  with  arteries  from  the  internal  pudic,  the  inferior 
vesical,  and  the  hemorrhoidal  ;  its  veins  form  a  plexus,  the  prostatic,  around  the 
gland,  receiving  in  front  the  dorsal  vein  of  the  penis,  and  ending  behind  in  the 
internal  iliac  vein;  its  nerves  are  derived  from  the  hypogastric  plexus,  and  are 
interspersed  with  ganglion  cells  ;   the  lymphatics  pass  to  the  internal  iliac  glands. 

Vesiculae  Seminales.  —  The  external  appearance  of  these  bodies,  each  of 
which  consists  of  a  tube  coiled  upon  itself,  has  been  already  described  (p.  522). 
Respecting  their  structure,  we  find  that  they  have  an  external  or  connective-tissue 
coat  derived  from  the  recto-vesical  fascia;  a  middle  or  ?)niscnlar,  consisting  of 
superficial  fibres  arranged  transversely,  and  of  deep  fibres  arranged  longitudinally, 
and  continuous  with  those  of  the  urethra;  and  an  internal  or  mucotts,  which  is 
lined  by  a  scaly  epithelium,  and  presents  a  honeycombed  structure,  not  unlike  that 
of  the  gall-bladder.  The  duct  emerge?  from  the  anterior  part  of  the  vesicula,  and 
joins  at  an  acute  angle  the  vas  deferens  behind  the  prostate,  to  form  the  common 
ejaculatory  duct  (p.  519).  Its  arteries  come  from  the  inferior  vesical  and  middle 
haemorrhoidal ;  its  vei>is  pass  to  the  internal  iliac  vein,  and  its  nerves  are  derived 
from  the  hypogastric  plexus.  The  function  of  these  bodies  is  twofold  —  they  act 
as  reservoirs  for  the  semen,  and  secrete  a  fluid  accessory  to  generation. 

Cowper's  Glands.  —  The  glands  of  Cowper  have  been  examined  itt  situ  in 
the  dissection  of  the  perineum  (p.  506).  They  are  placed  close  to  the  urethra, 
one  on  either  side,  immediately  behind  the  bulb  and  between  the  two  layers  of  the 
triangular  ligament.  They  are  pea-like  bodies  consisting  of  a  number  of  lobules 
united  by  firm  connective  tissue.  Each  pours  its  secretion  by  a  minute  duct, 
about  an  inch  (s.j  cm.)  long,  into  the  bulbous  part  of  the  urethra.  The  use  of 
thesi  glands  is  analogous  to  that  of  the  vesiculoe  seminales  and  the  prostate  — 
namely,  to  pour  into  the  urethra  a  fluid  accessory  in  some  way  to  generation. 
They  are  found  in  all  mammalia,  and  in  some,  e.g.,  the  mole,  they  increase  in  size 
periodically  with  the  testicle. 

Urethra.  —  The  urethra  is  the  canal  which  extends  from  the 
bladder  to  the  end  of  the  penis,  and  serves  not  only  as  the  out- 
let for  the  urine,  but  to  transmit  the  secretion  of  the  testicles 
and  the  several   glands  accessory  to  generation.      It  varies  in 

*  In  the  ducts  of  the  prostate  we  often  find  small  calculi,  of  a  brown  color, 
consisting  of  phosphate  of  lime.  Cases  are  sometimes  met  with  in  which  these 
calculi  by  degrees  attain  a  considerable  size,  and  distend  the  prostate  into  a  sac, 
which,  when  examined  by  the  rectum,  feels  not  unlike  a  bag  of  marbles. 
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length  from  eight  to  nine  inches  {20-22.^  an.),  and  is  .divided 
into  three  portions,  according  to  the  different  structures  by 
which  it  is  surrounded  in  different  parts  of  its  course.  The 
first  inch  and  a  quarter  {j.I  cm.)  is  surrounded  by  the  prostate 
gland,  and  is  called  the  prostatic  portion ;  the  next  three- 
quarters  of  an  inch  {l8  mm.)  which  passes  under  the  pubic 
arch,  is  surrounded  by  the  compressor  urethrae,  and  is  termed 
the  membranous  portion;  the  remainder  of  its  course,  about 
six  inches  (/^  cm)  in  length,  is  contained  in  the  corpus  spongi- 


FiG.  196.  —  Side  View  of  the  Pelvic  Viscera. 
(Taken  from  a  Photograph.) 
I.  External  sphincter.     2.   Internal  sphincter.     3.  Levator  ani  cut  through.     4.  Accelerator  urinae. 
5.  Membranous   part   of  the  urethra,  surrounded   by  compressor   muscle.     6.  Prostate  gland. 
7.    Vesicula  seminalis.     8.    Ureter,     g.    Vas    deferens.     10.    Crus   penis   divided.     11.   Trian- 
gular ligament.     12.  Superficial  perineal  fascia.     13.  Rectum. 

osum,  and  is  called  the  spongy  portioii.  The  length  of  the 
urethra  will  vary  much  in  different  subjects,  and  according  to 
the  condition  of  the  penis. 

The  direction  of  the  urethra,  when  the  penis  hangs  flaccid,  is 
like  the  letter  S  reversed  ;  but  if  the  penis  be  held  straight,  the 
canal  forms  only  one  curve  through  the  pubic  arch,  with  the 
concavity  upwards.     The    degree    of    this    curvature  varies  at 
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different  periods  of  life.  In  the  child,  the  bladder  being  more 
an  abdominal  than  a  pelvic  viscus,  the  curve  forms  part  of  a 
much  smaller  circle  than  in  the  adult  ;  but  it  gradually  widens 
as  age  increases,  and  catheters  are  shaped  accordingly.  How- 
ever, the  parts,  when  in  a  sound  state,  will  yield  sufficiently  to 
admit  the  introduction  of  a  straight  instrument  into  the  bladder. 
A  straight  staff  is  sometimes  used  in  lithotomy. 

In  its  contracted  state,  the  sides  of  the  urethra  are  in  close 
apposition ;  the  appearance  it  presents  on  a  transverse  section 
differs  in  the  different  parts  of  its  course.  Through  the  glans 
it  is  flattened  vertically  ;  through  the  prostate  it  is  crescentic, 
with  its  convexity  upwards,  owing  to  the  veru  montanum.  But 
throughout  the  rest  of  its  course  the  canal  exhibits  on  section 
the  appearance  of  a  trans- 
verse slit  (Fig.  197). 

The  urethra  must  be  laid 
open  from  end  to  end  along 
its  roof,  to  see  that  the 
canal  is  not  of  uniform  cal-  ^  b  c 

ibre    throughout         The  ex-        fig.  197.  —  Transverse  Sections  of  the  Urethra. 

tf^rml    orifir-/^  ic  fVif^  mrrnw  ^-   Through   the    prostate.     B.   Through   the   corpus 

lernai   Ormce  IS  tne  narrow-  spongiosum.     C.    Through  the  glans  penis. 

est  and  the  least  dilatable 

part ;  so  that  the  urine  may  be  expelled  in  a  jet.*  Therefore, 
any  instrument  which  will  enter  the  meatus  ought  to  pass  into 
the  bladder,  if  there  be  no  stricture.  The  junction  of  the 
membranous  with  the  bulbous  part  is  almost  as  narrow. 

The  prostatic  portion  of  the  urethra  has  been  described  with 
the  prostate  (p.  535)  ;  the  menibranous  portion  with  the  anatomy 
of  the  side  view  of  the  pelvic  viscera  (p.  523). 

The  spongy  portion,  so  termed  because  it  is  surrounded  by  the 
erectile  tissue  of  the  corpus  spongiosum,  is  about  six  inches 
{14  cm.)  long.  That  part  of  it  running  through  the  bulb  is 
called  the  bulbous  portion,  and  is  the  most  dilatable  part  of  the 
urethra  except  the  prostatic.  In  the  centre  of  the  glans  penis 
the  canal  widens  into  a  sinus  termed  fossa  naviciilaris ;  its 
termination,  at  the  meatus  urinarius,  is  the  most  contracted 
part  of  the   urethra. 

The  most  dilatable  part  of  the  urethra  is  the  prostatic.    Even 

•  Otis's  investigations  show  that  a  penis  of  j6  mm.  in  circumference  will  admit 
a  bougie  of  /6  mm.  ;  i.e.,  there  is  a  relative  proportion  of  the  size  of  the  organ  to 
that  of  the  urethra  of  four  to  nine.  This  rule  is  not  absolute,  but  is  a  good  guide 
in  selecting  the  bougie  or  catheter  to  be  used  for  the  first  time.  — A.  H. 
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the  narrowest  parts  of  the  canal  must  admit  of  considerable 
dilatation,  since  calculi  of  from  ^  to  ^  of  an  inch  {6  to  8  mm.)  in 
diameter  can  pass  through  it. 

The  common  ejaculatory  ducts  (Fig.  194,  p.  532)  open  into 
the  prostatic  part  of  the  urethra,  by  the  side  of  the  veru  mon- 
tanum.  The  ducts  of  Cowper's  glands  open  into  the  bulbous 
part.  Besides  these  glands,  a  number  of  ducts  open  into  the 
urethra,  proceeding  from  small  glands  situated  in  the  submucous 
tissue.  These  ducts,  called  the  glands  of  Littre,  or  lacuncs,  are 
large  enough  to  admit  a  bristle,  and  run  in  the  same  direction 
as  the  stream  of  the  urine.  Most  of  them  are  on  the  lower 
surface  of  the  urethra  ;  but  one,  called  lacuna  magna,  is  on  the 
upper  surface,  about  one  inch  and  a  half  {J.8  cm.)  down  the 
canal. 

The  urethra  is  composed  of  three  coats  —  a  mucous,  muscu- 
lar, and  erectile. 

The  mucous  coat  is  continuous  posteriorly  with  that  of  the  bladder,  and  it  sends 
down  prolongations  into  the  various  ducts  which  open  into  it.  It  is  arranged  in 
longitudinal  folds  in  the  membranous  and  spongy  portions,  and  is  lined  by  col- 
umnar epithelium  except  near  the  glans,  where  there  are  papillae,  covered  with 
squamous  epithelium ;  this,  therefore,  is  the  most  sensitive  part. 

Beneath  the  mucous  membrane  is  a  double  layer  of  unstriped  mtiscular  tisstte,* 
the  superficial  fibres  being  arranged  longitudinally,  the  internal  fibres  circularly. 
The  superficial  fibres  are  continuous  with  those  of  the  bladder,  the  external  fibres 
of  which  surround  the  spongy  portion  of  the  urethra,  being  placed  between  it  and 
its  fibrous  capsule ;  the  deeper  fibres  of  the  bladder  pass  foi-wards,  surrounding  the 
prostatic  urethra,  and  subsequently  the  spongy  urethra,  immediately  beneath  the 
mucous  membrane.  Between  the  mucous  and  muscular  coats  is  a  layer  of  areolar 
tissue,  the  siibmiicous  tissue. 

The  erectile  coat,  a  thin  stratum  of  erectile  tissue  derived  from  the  corpus 
spongiosum,  extends  from  this  body  round  the  membranous  and  the  prostatic  por- 
tions of  the  canal. 

Lastly,  the  urethra  is  provided  with  a  closely  set  network  of  lymphatic  vessels, 
which  has  been  demonstrated  by  quicksilver  injections.  They  run  from  behind, 
forvv-ards,  and  join  the  lymphatics  of  the  glans  penis.  Eventually,  their  contents 
are  transmitted  down  the  great  trunks  on  the  dorsum  penis  to  the  inguinal  glands. 
This  explains  the  pathology  of  a  bubo. 

The  Penis.  — T\\q  penis  is  a  pendulous  organ  through  which 
runs  the  urethra  for  three-fourths  of  its  course ;  it  consists  of 
a  root,  a  body,  and  the  glans  penis.  The  root  is  the  broadest 
part,  and  is  connected  by  two  crura  to  the  rami  of  the  pubic 
bones  ;  its  dorsum  being  supported  by  a  strong  elastic  suspensory 

*  The  vermicular  action  of  the  muscular  coat  of  the  urethra  is  in  evidence 
from  its  action  upon  a  catheter  left  in  the  canal  and  upon  bodies  introduced 
therein  :  the  foimer  being  expelled,  and  the  latter,  when  not  as  long  as  the  urethra, 
being  sucked  into  the  bladder  —  there  to  become  the  nucleus  of  a  stone.  —  A.  H. 
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ligament,  which  is  attached  to  the  symphysis  pubis.  The  body 
is  cylindrical,  consisting  of  the  two  corpora  cavernosa  and  the 
corpus  spongiosum.  The  glans  is  the  expanded  extremity 
which  presents  at  its  apex  the  orifice  of  the  urethra,  and  at  its 
base  where  it  is  attached  to  the  body  there  is  a  deep  circular 
groove,  the  cervix,  the  elevated  margin  in  front  being  called  the 
coroiia  glandis.  In  these  situations  are  a  number  of  minute 
sebaceous  gldLnd?,,  gland  nice  Tysonii  odoi  if cr<s,  'which,  secrete  a 
sebaceous  substance,  called  smegma  preputii.  The  surface  of 
the  glans  has  no  sebaceous  glands,  but  is  covered  with  minute 
vascular  papillae,  endowed  with  keen  sensibility  by  the  dorsal 
nerves  of  the  penis.  The  skin  of  the  penis  is  remarkably  thin 
and  extensible,  and  connected  to  the  body  of  the  organ  by 
loose  areolar  tissue,  destitute  of  fat.  At  the  extremity  the 
skin  forms  the  prepuce,  or  foreskin,  for  the  protection  of  the 
glans;*  and  the  thin  fold  which  passes  from  the  under  surface 
of  the  glans  to  the  prepuce  is  called  frcemnn  prcpiitii.  The 
skin,  altered  in  character,  is  reflected  over  the  glans,  to  which 
it  is  intimately  adherent,  and  at  the  orifice  of  the  urethra  is 
continuous  with  the  mucous  membrane. 

The  bulk  of  the  penis  consists  of  two  parallel  cylindrical 
bodies,  of  erectile  structure,  named  from  the  appearance  of  their 
interior  corpora  cavernosa.  In  a  groove  along  their  under  sur- 
face is  lodged  a  third  cylindrical  body,  the  corpus  spongiosum, 
composed  of  vascular  spongy  tissue,  through  which  runs  the 
urethra ;  an  expansion  of  this  at  the  end  of  the  organ  forms  the 
glans.  These  structures,  then  —  the  corpora  cavernosa  and 
the  corpus  spongiosum  —  together  form  the  penis  ;  though  the 
corpus  spongiosum  appears  closely  united  to  the  corpora  cav- 
ernosa, yet  it  is  quite  distinct  from  them,  as  shown  in  the 
transverse  section  (Fig.    198). 

Corpora  Cavernosa. — The  corpora  cavernosa,  placed  side 
by  side,  constitute  more  than  two-thirds  of  the  bulk  of  the  penis. 
Each  commences  posteriorly  by  a  gradually  tapering  portion, 
called  the  eras  penis,  which  is   attached  along  a  groove  in  the 

*  When  the  foreskin  is,  from  birth,  so  tight  that  the  glans  cannot  be  uncovered, 
such  a  state  is  called  a  congenital  phymosis.  This  condition  occasions  no  incon- 
venience in  childhood,  but  is  apt,  after  puberty,  to  become  troublesome  and 
painful,  so  that  it  may  become  necessary  to  slit  up  the  prepuce  and  set  the  glans 
at  liberty.  In  persons  who  have  a  tight  foreskin,  it  sometimes  happens  that, 
when  the  glans  has  been  uncovered,  the  prepuce  cannot  be  again  drawn  over  it : 
this  is  called  a  paraphymosis.  The  neck  of  the  glans  becomes  tightly  girt ;  great 
distension  and  inflammation  are  the  consequences  unless  the  foreskin  be  reduced. 
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rami  of  the  ischium  and  os  pubis,  where  it  is  embraced  by  the 
erector  penis  (p.  500).  The  two  crura  converge,  come  into 
apposition  at  the  root  of  the  penis,  prior  to  which  each  presents 
an  enlargement,  less  in  man  than  in  some  animals,  called  the  bulb 
of  the  corpus  cavcrnosiim  ;  they  then  run  together,  side  by  side, 
to  form  the  body  of  the  organ.  Anteriorly,  each  terminates  in 
a  rounded  extremity,  received  into  a  corresponding  depression 
in  the  glans,  to  which  it  is  connected  by  fibrous  tissue. 

A  section  through  the  corpus  cavernosum  shows  that  its  in- 
terior is  composed  of  a  delicate  reticular  structure,  surrounded 
by  a  white  fibrous  and  elastic  coat,  from  sV  to  -^^  of  an  inch 
(/  to  2  mm.)  in  thickness,  and  is  separated  from  its  fellow  by  a 
fibrous  septum  called  the  septum-  pectiniforme. 


«.  a.  v.  G(.  71, 


Skin. 
Superficial  fascia. 

Fibrous  coat  of  c.  c. 

Corpus  cavernosum. 

Urethra. 

Corpus  spongiosum. 


Fig.   198.  —  Transverse   Section  of  the   Middle  Third  of  the   Body  of  the  Penis. 
71.  Nerve,    a.  Artery,    v.  Vein. 

The  septum  fecti7iiforme  is  a  median  vertical  partition  between  the  two  corpora 
cavernosa;  it  is  only  complete  near  the  root  of  the  penis;  along  the  rest  of  the 
organ  there  are  vertical  slits  in  it,  giving  it  the  appearance  of  a  comb;  hence  its 
name.  Through  the  intervals  in  this  partition  the  blood-vessels  of  the  two  corpora 
cavernosa  communicate  freely  with  each  other. 

^\\t.  fibrous  investtnent  is  thick  and  strong,  and  consists  of  longitudinal  bundles 
of  white  fibrous  tissue,  intermingled  with  yellow  elastic  fibres.  From  the  interior 
of  the  fibrous  coat  numerous  delicate  septa,  trabecidcB,  pass  into  the  interior  of  the 
corpus  cavernosum,  intersecting  each  other  in  all  directions,  dividing  it  up  into  a 
multitude  of  small  spaces.  This  trabecular  tissue  consists  of  fibrous  lamellae,  with 
elastic  and  some  non-striated  muscular  tissue.  The  spaces,  lined  by  a  layer  of 
flattened  epithelium  cells,  similar  to  that  of  veins,  communicate  freely  with  each 
other,  as  may  be  readily  ascertained  by  blowing  air  into  the  penis ;  they  are 
smaller,  and  their  component  septa  thicker  at  the  circumference  than  in  the  centre 
of  the  corpora  cavernosa,  at  the  root  than  towards  the  glans.  Each  corpus  caver- 
nosum thus  consists  of  innumerable  spaces  mainly  occupied  by  dilated  venous 
sinuses,  from  which  the  blood  is  conveyed  by  the  dorsal  vein,  the  prostatic  plexus, 
and  the  pudendal  veins.  When  the  penis  is  flaccid,  these  spaces  are  empty; 
when  it  is  erect,  they  are  distended  with  blood. 

The  arteries  of  the  corpora  cavernosa  come  from  the  branches  of  the  pudic 
(p.  506),  which  enter  the  inner  side  of  each  crus,  at  its  bulbous  enlargement,  and 
proceed  forwards  near  the  septum,  distributing  numerous  ramifications.      These 
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are  supported  in  the  middle  of  the  fibrous  trabecular,  and  end,  some  in  capillaries 
which  convey  their  blood  at  once  into  the  intertrabecular  spaces  ;  others  in  tendril- 
like prolongations  with  dilated  extremities  which  project  into  the  spaces,  called 
helicine  arteries  by  Miiller,  and  which  open  directly  into  the  cavities  of  the  veins 
by  funnel-shaped  orifices.  The  helicine  arteries  are  absent  near  the  glans,  and 
a-e  best  marked  at  the  root  of  the  penis.  The  peculiar  appearance  which  they 
present  when  distended  with  injection  is  due  to  the  fact  that  they  are  bound  down 
to  the  trabecular  tissue  by  fibrous  bands. 

The  blood  from  the  intertrabecular  spaces  of  the  penis  returns,  partly  through 
veins  which  pass  out  on  the  upper  surface  of  the  penis  into  the  dorsal  vein  (which 
joins  the  prostatic  plexus),  partly  through  the  deep  veins  which  leave  the  inner 
side  of  each  crus  and  the  bulb  to  join  the  internal  iliac. 

Corpus  Spongiosum.  — The  corpus  spongiosum  is  the  erec- 
tile tissue  which  surrotmds  the  urethra  as  it  runs  along  the 
penis.  It  commences  in  the  middle  of  the  perineum,  anterior 
to  the  triangular  ligament,  in  a  bulb-like  form  —  tJie  bulb  —  and 
at  the  end  of  the  penis  it  expands  to  form  \hQ  glans  penis.  It 
receiv^es  posteriorly  an  expansion  from  the  triangular  ligament, 
and  presents  a  median  groove,  marking  its  development  from 
two  lateral  halves.  The  urethra  does  not  pass  through  the 
middle  of  the  spongy  body,  but  runs  nearer  to  its  upper  sur- 
face. The  bulb  hangs  more  or  less  pendulous  from  the  urethra, 
and  is  surrounded  by  the  accelerator  urinae  muscle  (p.  500). 
In  old  persons  it  extends  lower  down  than  in  children,  and  is, 
consequently,  more  exposed  to  injury  in  lithotomy. 

The  corpus  spongiosum  has  a  fibrous  coat  resembling  very  much  the  e.xtemal 
fibrous  investment  of  the  corpus  cavernosum,  but  it  is  thinner,  whiter,  and  com- 
posed of  more  elastic  tissue.  The  reticular  structure  is  also  finer,  and  the  caver- 
nous meshes  smaller,  and  arranged  in  a  longitudhial  direction.  Plain  muscular 
fibres  surround  the  urethra,  and  they  are  also  found  in  considerable  amount  in  the 
external  fibrous  coat. 

Its  interior  consists  of  erectile  tissue,  composed  of  a  plexus  of  minute  tortuous 
veins,  lined  by  a  single  layer  of  flattened  endothelial  cells,  and  which  communicate 
very  freely  with  each  other.  This  is  easily  demonstrated  by  injecting  the  dorsal 
vein  of  the  penis  with  wax.  In  this  way,  we  not  only  fill  the  spongy  body,  but 
also  the  glans,  and  the  large  veins  which  form  the  plexus  round  the  corona  glandis. 

The  veins  return  the  blood;  some  by  small  veins,  which  emerge  from  the  glans 
and  collect  on  the  dorsal  surface  to  form  the  dorsal  vein;  others  pass  into  the 
dorsal  vein,  either  through  the  corpora  caverno.sa,  or  by  curving  round  the  sides 
of  the  corpora  cavernosa;  but  by  far  the  larger  number  join  the  prostatic  and  the 
pudic  vein.s,  communicating  also  with  the  subcutaneous  veins  of  the  penis  and  the 
scrotum. 

The  nerves  of  the  penis  are  the  pudic  and  its  superficial  perineal  branch.  The 
largest  branches  run  along  the  dorsum  to  the  surface  of  the  glans;  a  few  only 
enter  the  erectile  tissue  of  the  organ.  The  pudic  nerve  and  its  branch  .supply  the 
skm  and  the  mucous  membrane.  Some  of  the  filaments  distributed  to  the  glans 
have  connected  with  them  I'acinian  boflies,  and  some  end  in  simple  and  compound 
end  bullw.  The  erectile  tissue  is  supplied  by  numerous  filaments  proceeding  from 
the  hypogastric  plexus. 
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The  lymphatics  consist  of  a  superficial  and  a  deep  set ;  ihe  superficial^  proceed- 
ing from  the  glans  and  the  integument  of  the  penis,  join  the  inguinal  glands.  The 
lymphatics  of  the  glands  communicate  freely  all  round  it  :  this  explains  why  a 
venereal  sore  on  one  side  sometimes  affects  the  inguinal  glands  on  the  other. 
The  deep  lymphatics  from  the  corpora  cavernosa  and  the  corpus  spongiosum  pass 
beneath  the  pubic  arch  and  join  the  lymphatics  of  the  pelvis. 


DISSECTION    OF   THE   FEMALE   PELVIC   VISCERA. 

Side  View  of  the  Female  Pelvic  Organs.  —  After  the  re- 
moval of  the  left  innominate  bone,  as  described  in  the  dissection 
for  the  side  view  of  the  male  pelvic  viscera,  the  vagina,  rectum, 
and  bladder  should  be  moderately  distended,  the  two  former 
with  tow,  the  latter  with  air.  This  done,  the  reflections  of  the 
peritoneum  must  be  traced,  the  description  of  which  will  be 
found  in  the  dissection  of  pelvic  viscera  from  above  (Fig.  179, 
p.  494).  After  this,  clean  off  the  peritoneum,  and  make  out 
the  pelvic  fascia  and  its  prolongations. 

Pelvic  Fascia.  —  To  the  description  of  the  fascia  already 
given  in  the   dissection   of  the  male  pelvis   (p.   513),  nothing 
need  be  added,  except  that  from  the  side  of  the  pelvis  it   is  re- 
flected over  the  side  of  the  vagina  and  the  uterus,  as  well  as . 
the  bladder. 

It  is  this  fascia  which  in  great  measure  supports  the  uterus 
in  its  proper  level  in  the  pelvis.  When,  from  any  cause,  the 
fascia  becomes  relaxed,  there  is  a  liability  to  prolapsus  uteri. 

Levator  Ani.  Bladder.  —  For  the  description  of  this 
muscle,  see  p.  523.  The  female  bladder  is  broader  transversely, 
and,  upon  the  whole,  more  capacious  *  than  the  male.  The 
vesical  plexus  of  veins  is  not  so  large,  and  there  are  no  vasa 
deferentia  or  prostate  gland.  The  short  urethra  has  a  con- 
strictor muscle,  as  in  the  male,  and  is  supported  in  a  similar 
manner  by  the  pelvic  fascia. 

Venous  Plexus  about  the  Vagina.  —  Though  the  veins 
round  the  neck  of  the  bladder  are  comparatively  small  in  the 
female,  attention  should  be  directed  to  the  plexus  of  large 
veins  which  surround  the  vagina.  They  communicate  freely 
with  the  veins  about  the  rectum,  and  empty  themselves  into 
the  internal  iliac.  Their  congestion  in  pregnancy  sufficiently 
accounts  for  the  dark  color  of  the  vagina  and  the  external 
organs,  and  the  frequent  occurrence  of  haemorrhoidal   tumors. 

*  This  is  only  so  from  force  of  habit,  for  the  organ  is  really  smaller  than  in 
the  male.  —  A.  H. 
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These  veins  must  be  removed,  with  the  connective  tissue  in 
which  they  are  embedded,  before  a  clear  view  of  the  parts  can 
be  obtained. 

Urethra.  —  The  urethra  has  already  been  described  (p.  510). 
But,  in  the  side  view  of  the  parts,  we  have  the  opportunity  of 
observing  how  closely  the  bladder  and  urethra  are  connected 
to  the  upper  wall  of  the  vagina ;  and  we  can  understand  how, 
in  cases  of  protracted  delivery,  it  sometimes  happens  that  the 
contiguous  coat  of  the  bladder  and  the  vagina  give  way,  and 
that  a  fistulous  communication  remains  between  them,  through 
which  urine  constantly  dribbles. 

Vagina.  —  It  is  necessary  to  slit  open  the  whole  of  the 
vagina  along  the  side  to  obtain  a  clear  idea  of  the  manner  in 
which  it  embraces  the  lower  end  of  the  uterus,  and  of  the  ex- 
tent to  which  the  neck  of  the  uterus  projects  into  it  (Fig. 
1 79,  p.  494). 

The  length  of  the  vagina,  in  the  unimpregnated  adult,  is 
about  two  and  three-fourths  inches  {6.8  an.)  on  its  anterior 
wall,  and  three  and  three-fourths  inches  {g.J  cm.)  along  its  pos- 
terior wall,  owing  to  its  curved  direction.*  It  may  be  more 
or  less,  the  difference  in  each  case  depending  upon  the  depth 
of  the  pelvis,  the  stature,  and  age  of  the  individual.  The 
vagina,  however,  is  never  so  long  that  we  cannot,  during  life, 
feel  the  neck  of  the  uterus  projecting  at  the  top  of  it,  higher- 
up,  or  lower  down,  according  to  circumstances.  For  instance, 
it  is  a  little  lower  down  in  the  erect  than  in  the  recumbent 
position  ;  again,  in  the  early  months  of  utero-gestation  the 
uterus  descends  a  little  into  the  vagina,  so  that  this  canal  be- 
comes shorter :  the  reverse  holds  good  when  the  uterus  begins 
to  rise  out  of  the  pelvis. 

The  axis  {curve  of  Cams)  of  the  vagina  is  slightly  curved 
with  the  concavity  upwards  ;  it  corresponds  with  the  axis  of 
the  outlet  of  the  pelvis. 

The  width  of  the  vagina  is  not  uniform  throughout.  The 
narrowest  part  is  at  the  orifice  ;  it  is  also  a  little  constricted 
round  the  neck  of  the  uterus.  The  curve  of  the  vaginal 
mucous  membrane  from  its  wall  to  the  neck  of  the  uterus  is 
called  the  fornix.  The  widest  part  is  about  the  middle ;  here 
a  transverse  section  through  it  presents  the  appearance  of  a 
flattened  H.      If,  therefore,  you  would  insert  the  bivalve  specu- 

*  This  is  subject  to  great  variations,  especially  in  tiie  African,  where  it  U 
longer  and  more  capacious.  —  A.  II. 
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lum  with  the  least  amount  of  pain,  the  blades  of  the  speculum 
should  be  vertical  when  introduced  into  the  orifice,  and  after- 
wards turned  horizontally. 

Relations.  —  The  relations  of  the  vagina  to  the  bladder 
and  urethra  in  front  have  been  given.  The  ureters  pierce 
the  bladder  wall  in  front  of  the  vagina  an  inch  and  a  quarter 
below  the  level  of  the  os  uteri,  a  point  to  be  remembered 
in  vaginal  hysterotomy.  Behind  it  is  in  contact  with  the 
pouch  of  Douglas  for  a  short  distance  above,  and  separated 
from  the  rectum  by  this  pouch  and  connective  tissue.  In  the 
middle  the  rectum  advances  to  the  vagina,  but  in  the  lowest 
portion  the  perineal  body  separates  them  as  the  two  canals 
diverge.  Laterally  the  vaginal  branches  of  the  uterine  arteries 
and  veins  are  to  be  found  in  the  subperitoneal  tissue.  In  the 
upper  third  the  ureters  cross  to  the  anterior  surface,  and  in 
the  lower  thirds  the  mesial  fibres  of  the  levator  ani  muscle  are 
to  be  found.  In  a  digital  examination  of  the  vagina  the  pelvic 
wall  can  be  distinguished,  and  any  effusion  between  it  and  the 
vagina  easily  found.  A  fibrous  cord  may  be  felt  on  the  sides 
in  the  upper  half  of  the  vagina  ;  it  is  the  duct  of  Gartner,  the 
remains  of  the  Wolffian  duct.  Skene's  ttibes  are  the  ducts  of 
Gartner  emptying  near  the  vaginal  orifice. 

Structure  of  the  Vagina.  —  The  vagina  consists  of  a 
mucous  coat,  of  a  muscular  coat,  and  of  an  external  coat  of 
erectile  tissue. 

The  7nncoiis  membrajte  is  of  a  pale  rose  color,  continuous  above  with  that  of 
the  uterus,  and  below  with  the  integument  of  the  labia  majora.  It  is  rough  and 
furrowed,  especially  near  the  orifice,  and  it  presents  two  longitudinal  ridges  — 
columns  riigariini  —  which  run,  one  along  the  anterior,  the  other  along  the 
posterior  wall.  From  each  side  of  these  proceed  a  series  of  transverse  ridges  — 
ruga  —  with  rough  margins  directed  forwards.  They  are  well  marked  in  virgins, 
but  repeated  parturition  and  increasing  age  gradually  smooth  them  down.  The 
use  of  the  vaginal  iTigse  is  to  excite  the  sensibility  of  the  glans  in  coition.  They 
themselves  also  possess  keen  sensibility,  being  richly  endowed  with  papillae.  The 
mucous  membrane  is  provided  with  numerous  papilla,  conical  in  shape,  and 
covered  with  a  thick  lining  of  squamous  epithelium.  In  the  submucous  tissue, 
which  is  very  loose,  there  is  a  good  deal  of  muscular  tissue,  with  a  considerable 
venous  plexus,  forming  a  kind  of  erectile  tissue ;  in  it,  also,  are  found  an  abun- 
dant supply  of  muciparous  glands,  which  increase  in  size  and  number  towards  the 
uterus. 

The  nijcscular  coat  is  arranged  in  two  layers,  a  longitudinal  and  a  circular,  be- 
tween which  there  may  be  demonstrated  a  number  of  interlacing  fibres  passing 
from  one  to  the  other  layer.  The  longitudinal  fibres  are  continuous  with  the 
supei-ficial  muscular  fibres  of  the  uterus,  while  the  latter  are  chiefly  aggregated  at 
the  orifice  of  the  vagina,  forming  a  kind  of  sphincter  muscle,  which  is  continuous 
with  the  external  sphincter  ani.  Superiorly,  the  vagina  is  intimately  attached  to 
the  neck  of  the  uterus,  while  to  the  rectum  it  is  but  loosely  connected. 
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The  erectile  tissue  found  i.i  *he  connective  tissue  forms  the  chief  strength  of 
the  vagina,  being  about  one-twelfth  of  an  inch  in  thickness.  If  this  coat  be 
minutely  injected,  we  find  that  it  is  composed  mainly  of  a  plexus  of  veins  sur- 
rounded with  numerous  fasciculi  of  unstriped  muscular  fibres. 

Uterus.  —  The  uterus  is  the  hollow  muscular  organ  which 
receives  the  ovum,  retains  it  for  nine  months  to  bring  it  to 
maturity,  and  then  expels  it  by  virtue  of  its  muscular  walls. 
Its  situation  and  peritoneal  connections  have  been  described 
(p.  493).  Its  axis  slants  forwards,  so  that,  upon  the  whole,  the 
axis  of  the  vagina  and  uterus  describes  a  curve  nearly  parallel 
to  the  axis  of  the  pelvis.  The  uterus,  then,  is  so  situated  that 
it  is  ready  to  rise  out  of  the  pelvis  into  the  abdomen  after  the 
embryo  has  attained  a  certain  size. 

The  uterus  in  the  unimpregnated  state  is  pyriform,  or  rather 
triangular,  with  the  angles  rounded,  and  is  somewhat  flattened 
antero-posteriorly.  It  is  retained  in  its  position  by  the  broad 
and  round  ligaments,  and  measures  about  three  inches  {J.^  cm) 
in  length,  two  (5  cm)  in  its  broadest  part,  and  one  inch  {2.^  cm.) 
thick  in  its  upper  part,  and  weighs  from  an  ounce  {28I  gm.)  to 
an  ounce  and  a  half  {^\  gi^i)  \  but  there  is  a  variety  in  this 
respect,  arising  from  age,  the  effect  of  pregnancy,  and  other 
causes. 

For  convenience  of  description  the  uterus  is  divided  into  the 
fundus,  the  body,  and  the  cervix. 

The  fundus  is  applied  to  the  broadest  part,  which  lies  above 
the  level  of  the  Fallopian  tubes,  and  is  completely  invested  by 
peritoneum. 

The  body  is  the  central  part,  and  gradually  narrows  down  to 
the  cervix.  Its  lateral  margins  are  nearly  straight,  and  give 
attachment,  respectively,  from  above  downwards,  to  the  Fallo- 
pian tube,  the  round  ligament,  the  ligament  of  the  ovary,  and 
the  broad  ligament ;  its  anterior  surface  is  flat,  and  for  full  three- 
fourths  of  its  extent  is  covered  with  peritoneum  ;  its  posterior 
surface  is  convex,  and  is  entirely  invested  with  peritoneum. 

The  cervix  is  the  lower  narrow  part  which  projects  into  the 
vagina.  The  vagina  is  very  closely  attached  round  the  neck  of 
the  uterus  ;  observe  that  it  is  attached  higher  up  behind  than  in 
front.  This  turning  of  the  vagina  upon  the  cervix  forms  the 
anterior  and  posterior  fornices.  At  the  free  end  of  the  cervix 
there  is  a  transverse  slit,  the  os  uteri,*  bounded  in  front  by  the 
anterior  lip,  behind  by  the  posterior  lip. 

*  The  OS  uteri  in  the  virgin  is  circular.  —  A.  H. 
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Postponing  for  the  present  the  examination  of  the  interior  of 
the  vagina  and  the  uterus,  let  us  pass  on  to  the  vessels  and 
nerves  of  these  organs. 

Uterine  and  Vaginal  Arteries. — The  uterus  is  supplied 
by  the  uterine  arteries  derived  from  the  internal  iliac,  and  also 
by  the  ovarian  arteries  ;  the  vagina  by  the  vaginal  arteries  from 
the  same  source  ;  and  the  ovaries  by  the  ovarian  arteries  (which 
correspond  to  the  spermatic  arteries  in  the  male)  given  off  from 
the  abdominal  aorta  just  below  the  renal  arteries. 

The  uterifte  artery  proceeds  from  the  anterior  division  of  the  internal  iliac, 
towards  the  neck  of  the  uterus,  between  the  layers  of  the  broad  ligament,  and 
then  ascends  tortuously  by  the  side  of  the  uterus,  giving  off  numerous  branches  to 
it,  which  anastomose  freely  with  each  other,  and  with  a  small  branch  from  the 
ovarian  artery.  The  fundus  of  the  uterus  is  mainly  supphed  with  branches  from 
the  ovarian  arteries. 

The  vaginal  artery  ramifies  along  the  side  of  the  vagina,  and  distributes 
branches  to  the  lower  part  of  the  bladder  and  the  rectum. 

The  veins  of  large  size,  corresponding  with  the  arteries,  form  the  uterine  sinuses 
and  the  vaginal  plexuses,  which  empty  themselves  into  the  internal  iliac  vein. 

Nerves  of  the  Uterus.  —  The  nerves  of  the  uterus  are  de- 
rived from  the  third  and  fourth  sacral  nerves,  from  the  hypo- 
gastric and  ovarian  plexuses  (p.  488).  They  accompany  the 
blood-vessels  in  the  broad  ligament  to  the  neck  of  the  uterus, 
and  ascend  with  them  along  its  sides. 

Some  small  filaments  continue  with  the  vessels,  and  form  around  them  plexuses, 
upon  which  minute  ganglia  are  found.  But  most  of  the  nerves  soon  leave  the 
vessels,  and,  subdividing,  sink  into  the  substance  of  the  uterus,  chiefly  about  its 
neck  and  the  lower  part  of  its  body.  A  branch  may  be  traced  passing  up  to  the 
fundus  of  the  utenis,  and  another  to  the  Fallopian  tube. 

The  nerves  of  the  uterus  enlarge  during  pregnancy  like  the  arteries.  Surgi- 
cally speaking,  the  os  uteri  may  be  said  to  have  no  nerves,  for  it  is  insensible  to 
the  cautery  and  to  the  knife. 

The  lymphatics  of  the  uterus  are  small  in  its  unimpregnated  state,  but  greatly 
increase  in  size  when  it  is  gravid.  Those  from  the  fundus  and  the  ovaries  pro- 
ceed with  the  ovarian  vessels  to  the  lumbar  glands,  thus  explaining  the  affection  of 
these  glands  in  ovarian  diseases.  Those  from  the  body  and  the  lower  part  of  the 
uterus  accompany  the  uterine  arteries,  and  join  the  glands  in  the  pelvis ;  some, 
however,  run  with  the  round  ligament  to  the  groin ;  hence,  in  certain  conditions  of 
the  uterus,  the  inguinal  glands  may  be  affected. 

The  uterus,  vagina,  Fallopian  tubes,  and  the  ovaries  should 
now  be  collectively  removed  from  the  pelvis  for  the  purpose  of 
examining  their  internal  structure. 

Structure  of  the  Uterus.  —  The  structure  of  the  vagina 
has  been  already  described  (p.  546).  Before  the  uterus  is  laid 
open,  examine  the  shape  of  that  portion  of  the  neck  which  pro- 
jects into  the  vagina.     The  back  part  of  the  cervix  appears  to 
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project  into  the  vagina  more  than  the  front ;  but  this  arises 
from  the  vagina  being  attached  higher  up  posteriorly.  If  the 
vagina  were  cut  away  from  the  cervix,  the  anterior  Hp  of  the 
uterus  would  appear  to  project  a  trifle  more  than  the  posterior. 
For  this  reason,  as  well  as  on  account  of  the  natural  slope  for- 
wards of  the  uterus,  the  front  lip  is  felt  first  in  an  examination 
per  vaginam.*  The  length,  however,  and  the  general  appear- 
ance of  the  vaginal  part  of  the  cervix  vary  according  to  the 
age  ;  it  is  also  considerably  altered  by  parturition.  In  the  adult 
virgin  it  is  smooth  and  round,  and  projects  about  half  an  inch 
(/J  ;//;//.) ;  its  mouth  is  a  small  transverse  fissure.  But  after 
parturition  it  loses  its  plumpness,  the  lips  become  flaccid  and 
fissured,  and  the  mouth  larger  than  it  was  before. f 

The  uterus  must  now  be  laid  open  by  a  longitudinal  incision, 
to  examine  its  interior.  In  doing  so,  observe  the  thickness  of 
its  walls,  which  is  greatest  towards  the  fundus.  Before  coming 
into  the  proper  cavity  in  the  body  of  the  uterus,  slit  up  a  long, 
narrow  canal  which  leads  up  into  it  through  the  neck.  This 
canal,  which  is  about  an  inch  (2.^  cm.)  in  length,  is  not  of  the 
same  dimensions  throughout ;  it  is  dilated  in  the  middle,  and 
gradually  narrows  towards  each  end.  The  upper  end,  which 
leads  into  the  body  of  the  uterus,  is  called  os  internum;  the 
lower  end,  which  leads  into  the  vagina,  os  extermim  (os  tincae). 
The  passage  is  called  the  canal  of  the  cervix.  It  remains  un- 
changed in  pregnancy  for  some  time  after  the  cavity  in  the  body 
has  expanded,  but  gradually  disappears  with  the  increasing  size 
of  the  embryo. 

The  shape  of  the  cavity  in  the  body  of  the  uterus  is  triangular, 
with  the  apex  towards  the  cervix.  In  a  virgin  uterus  the  cavity 
is  very  small,  and  its  sides  are  convex ;  but  in  a  uterus  which 
has  borne  many  children,  the  cavity  has  lost  the  convexity  of  its 
sides,  and  has  increased  in  capacity.      Each  angle  at  the  base  is 

*  This  is  the  only  way  to  reconcile  the  discrepancies  one  meets  with  in  anatom- 
ical works  respecting  the  comparative  length  of  the  lips  of  the  utenis.  Krause, 
Weber,  Busch,  and  others,  say  the  anterior  is  the  longer;  Mayer,  Meckel,  Quain, 
and  others,  the  posterior. 

t  Instances  are  recorded  in  which  the  neck  of  the  uterus  is  preternaturally 
long.  It  has  been  known  to  project  even  as  much  as  an  inch  and  a  half  (j.5  f;«.) 
into  the  vagina.  In  such  cases  it  gradually  tapers,  and  terminates  in  a  very  nar- 
row mouth.  This  is  said  to  be  one  cause  of  sterility,  and  it  is  recommended  either 
to  dilate  the  mouth,  or  to  cut  off  a  portion  of  the  neck.  In  support  of  this 
opinion,  it  is  stated  that  Dupuytren  was  once  consulted  by  a  lady  on  account  of 
barrenness;  finding  the  neck  of  the  uterus  unusually  elongated,  he  removed  a  por- 
tion of  it,  and  .shortly  the  lady  became  pregnant.  (Ilyrtl,  Ilaiidbiich  der  top. 
Ana  lorn.) 
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somewhat  prolonged,  and  leads  to  the  minute  opening  of  the 
Fallopian  tube.  This  prolongation  of  the  angles  is  noticed  more 
or  less  in  different  females,  and  is  the  last  indication  of  the  two 
horns  of  the  uterus  in  some  orders  of  mammalia. 

The  interior  of  the  uterus  is  smooth  at  the  fundus,  but  the 
reverse  at  the  cervix.  Here  there  is  a  central  longitudinal  ridge, 
both  in  front  and  behind  (as  in  the  vagina)  ;  from  these,  other 
closely  set  oblique  ridges  curve  off  laterally,  like  the  branches  of 
a  palm-tree,  called  arbor  vitcB  iiterina.  The  roughness  produced 
by  these  ridges  occasions  an  impression  as  though  we  were 
touching  cartilage  when  a  sound  is  introduced  into  the  uterus. 


ABC 

Fig.  199.  —  Virgin  Uterus. 
A.  Anterior  view.     B.  Median  section.     C.     Lateral  section. 


The  neck  of  the  uterus  is  provided  with  small  muciparous 
glands,  of  which  the  minute  ducts  open  in  the  furrows  between 
the  ridges  referred  to.  The  secretion  of  these  glands  is  glairy, 
albuminous,  and  slightly  alkaline.  Soon  after  impregnation  the 
secretion  becomes  so  firm  as  to  plug  the  mouth  of  the  uterus ; 
but  shortly  before  and  during  parturition  it  is  poured  out  in 
great  quantity,  to  facilitate  the  passage  of  the  child.  It  happens 
occasionally  that  one  or  more  of  the  ducts  of  these  glands  be- 
comes obstructed,  and  then  dilate  into  small  transparent  vesicles, 
which  gradually  rise  to  the  surface  and  burst.* 

*  These  were  first  described  by  Naboth,  and  supposed  to  be  true  ova ;  hence 
their  name,  ovicla  Nabothi.     {De  Sterilitate  Mulierum.     Lips.,  1707.) 
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The  walls  of  the  uterus  consist  of  an  outer  serous  coat  de- 
rived from  the  peritoneum,  an  inner  mucous  lining,  and  an  inter- 
mediate layer  of  unstriped  muscular  tissue. 

The  serous  coat  has  been  already  described. 

The  muscular  coat  forms  the  greater  part  of  the  thickness  of 
the  walls  of  the  uterus,  and  consists  of  non-striped  or  involun- 
tary muscular  fibres,  chiefly  aggregated  at  the  fundus,  less  so 
at  the  junction  of  the  Fallopian  tubes.  The  texture  of  these 
fibres  is  very  close,  and  interwoven  together  with  blood-vessels, 
nerves,  lymphatics,  and  connective  tissue ;  so  that  in  the  unim- 
pregnated  uterus  it  is  almost  impossible  to  trace  them.  In  the 
impregnated  condition  it  is  less  difficult  to  trace  them,  and  we 
can  make  out  that  the  fibres  are  arranged  in  three  layers  —  an 
external,  a  middle,  and  an  internal.* 

The  external  layer,  placed  immediately  beneath  the  peritoneum,  is  thin,  and  its 
fibres,  beginning  as  longitudinal  at  the  cervix,  run  transversely  round  the  uteras, 
some  of  them  being  continued  in  an  oblique  direction  over  the  body  into  the  broad 
ligaments ;  these  are  continued  on  to  the  Fallopian  tubes,  the  round  ligaments, 
and  the  ligaments  of  the  ovaries.  A  band  of  longitudinal  fibres  passes  from  the 
anterior  surface  of  the  uterus  round  the  fundus  to  its  posterior  aspect,  beneath  the 
recto-uterine  folds  of  the  peritoneum. 

The  middle  layer  runs  in  all  directions,  having  no  definite  arrangement  of  its 
fibres. 

The  internal  layer  is  composed  mainly  of  concentric  circles  which  surround 
the  orifices  of  the  Fallopian  tubes;  at  the  cervix  its  fibres  are  arranged  trans- 
versely, forming  a  sphincter.  It  is  this  layer  which  forms  the  thickest  stratum 
and  is  closely  connected  ^\"ith  the  mucous  membrane ;  it  is  called  the  muscularis 
mucosa. 

Upon  the  whole,  the  collective  disposition  of  the  muscular 
layers  is  such  as  to  exert  equal  pressure  on  all  sides  when 
called  into  action.  At  the  same  time  that  they  expel  the  foetus, 
the  muscular  fibres  perform  another  very  important  function  : 
they  close  the  large  venous  sinuses  consequent  upon  the  great 
increase  in  the  amount  of  blood  during  pregnancy.  Therefore, 
little  haemorrhage  accompanies  the  expulsion  of  the  placenta, 
provided  it  have  been  attached  to  the  fundus  or  the  side  of  the 
uterus.  But  every  one  knows  the  danger  of  what  is  called 
placenta  prcevia.  Here,  the  placenta,  placed  entirely  or  partly 
over  the  orifice  of  the  uterus,  is  attached  to  a  part  of  the  organ 
which  must  of  necessity  expand  during  labor,  and  every  uter- 
ine contraction  increases,  instead  of  checking,  the  bleeding. 
For  the  same  reason,  paralysis  of  the  muscular  fibres  in  imme- 

♦  In  the  unimpregnated  uterus  the  muscular  fibres  are  about  ijo  of  an  inch  in 
length  ;  in  the  gravid  uterus  they  increase  to  A  of  an  inch. 
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diate  connection  with  the  placenta,  be  it  where  it  may,  is  likely 
to  be  a  source  of  serious  haemorrhage  in  parturition. 

The  mzicotis  membrmie  of  the  uterus  is  more  delicate  and  softer  than  that  of  the 
vagina,  with  which  it  is  continuous,  and  is  closely  united  to  the  subjacent  tissue. 
The  greater  part  of  it  is  lined  by  a  columnar  ciliated  epithelium,  but  that  which 
lines  the  lower  part  of  the  cervix  is  squamous,  like  that  of  the  vagina.  Examined 
with  a  lens,  the  mucous  membrane  Uning  the  body  of  the  uterus  is  seen  to  be 
covered  with  minute  follicles  or  tubes  {uterhie  glands)  arranged  at  right  angles  to 
its  surface.  These  tubes  pass  outwards  in  a  more  or  less  spiral  manner,  some  of 
them  appearing  branched  and  dilated  at  their  extremities.  They  become  greatly 
developed  shortly  after  impregnation,  and  take  an  important  part  in  the  formation 
of  the  7nembrana  decidiia. 

The  airangement  of  the  mucous  membrane  in  the  cervix  has  been  already 
described  (p.  549)  when  the  uterus  was  laid  open  to  expose  its  cavity. 

Fallopian  Tubes. — The  Fallopian  tiibes  or  oviducts  are 
situated,  one  on  each  side,  along  the  upper  free  border  of,  and 
enclosed  by,  the  broad  ligament  of  the  uterus,  and  convey  the 


Fig.  200. —  Diagram  of  the  Uterus,  its  Broad  Ligaments,  the  Ovaries,  and  Fallopian 

Tubes.     (Seen  from  Behind.) 
I.   Uterus.     2.   Ovary,  OTth  its  ligaments.     3.    Fallopian  tube.    4.   Fimbriated  extremity  of  Fal- 
lopian tube.     5,5.    Broad  ligament.     6.   Vagina. 

ovum  from  the  ovary  to  the  uterus  (Fig.  200).  They  are  about 
four  inches  {lO  cm.)  in  length  :  one  end,  the  ostium  internum, 
opens  by  a  minute  orifice  into  the  upper  angle  of  the  cavity  of 
the  uterus ;  the  other  terminates  in  a  wide,  funnel-shaped 
mouth,  the  ostium  abdominale,  surrounded  by  fringe-like  pro- 
cesses called  the  fimbricE.  This  termination  of  the  Fallopian 
tube  is  called  its  fimbriated  extremity,*  and  its  canal  opens  into 
the  peritoneal  cavity,  so  that  thus  the  cavity  of  the  peritoneum 
in  the  female  communicates  through  the  uterus  and  the  vagina 
indirectly  with  the  exterior.  The  fimbriated  extremity  extends 
about  an  inch  {2.^  cm)  beyond  the  ovary,  and,  by  floating  it  in 

*  The  fimbriated  extremity  is  sometimes  called  the  morsus  diaboli,  since  it  em- 
braces in  a  peculiar  way  the  ovary  during  sexual  excitement. 
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water,  one  or  two  of  the  fimbriae  may  be  seen  connected  with 
the  outer  end  of  the  ovary  (tubo-ovarian  Hgament  or  fimbria 
ovarica)  and  are  much  longer  than  the  free  fimbria.  If 
the  Fallopian  tube  be  opened  from  the  dilated  end,  and  a 
probe  introduced  into  it,  you  will  find  that  the  tube  runs  very 
tortuously  at  first,  then  straight  into  the  uterus,  gradually  con- 
tracting in  size,  so  that  the  uterine  orifice  scarcely  admits  a 
bristle.  The  free  end  of  the  tube  or  ampulla  communicates 
.vdth  the  cavity  of  the  peritoneum.  This  is  the  only  instance 
where  a  mucous  membrane  is  directly  continuous  with  a  serous 
one.  It  explains  how  the  embryo  may  escape  into  the  peri- 
toneal cavity,  though  this  is  an  extremely  rare  occurrence.  It 
also  explains  what  is  said  to  have  occurred,  namely,  the  escape 
of  the  fluid  in  dropsy  through  the  Fallopian  tubes.  In  a  well- 
injected  subject,  the  Fallopian  tubes  are  seen  to  be  well  sup- 
plied with  blood  from  the  ovarian  arteries. 

The  coats  of  the  Fallopian  tube  are  three  —  an  external  serous  coat,  derived 
from  the  peritoneum ;  *  a  middle  nmscular  coat,  consisting  of  plain  muscular  fibres: 
an  external  layer,  longitudinal,  and  an  internal  layer,  circular,  both  being  continu- 
ous with  those  of  the  uterus ;  and  an  internal  mncous  coat  arranged  in  longitu- 
dinal folds,  especially  at  the  ovarian  end,  and  covered  with  a  columnar  ciliated 
epithelium. 

Ovaries.  — The  ovaries  (called  by  Galen,  testes  miiliebres, 
being  the  analogues  of  the  testes  in  the  male)  are  two  oval 
bodies  situated  between  the  two  layers  of  the  broad  ligament 
of  the  uteru.s,  in  its  posterior  part.  They  are  connected  on 
their  inner  side  to  the  uterus  by  a  thin  cord,  called  the  ligament 
of  the  ovary,  and  at  their  outer  end  they  are  usually  attached 
to  one  of  the  fimbriae  of  the  Fallopian  tube  by  fibrous  tissue, 
the  tubo-ovarian  ligament.  The  ovaries  are  of  whitish  color, 
with  the  long  axis  transverse,  flattened  from  above  downwards  ; 
and  in  females  who  have  not  often  menstruated  their  surface 
is  smooth  and  even ;  in  after-life  they  become  puckered  and 
scarred  by  the  repeated  escape  of  the  ova. 

The  position  of  the  ovaries  is  described  by  Professor  His  as 
being  nearly  vertical,  and  he  states  that  the  Fallopian  tube 
curves  round  the  outer  to  the  lower  border  of  the  ovary,  so 
that  the  fimbriated  extremity  lies  beneath  the  ovary,  with  its 
fimbriae  directed  upwards  ;  thus  the  ova  on  their  escape  from 
the  ovary  fall  into  the  Fallopian  tube.f 

•  Some  authorities  speak  of  a  cellular  coat  between  the  serous  and  muscular 
coats,  (omposed  of  suljperitoneal  tissue  and  rich  in  blood-vessels.  —  A.  H. 
t    Ills,  "  Lage  der  Eierstcicke,"  Archiv.  f.  Anal.,  1881. 
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The  ovary  is  about  an  inch  and  a  half  {J.8  an.)  long,  three- 
quarters  of  an  inch  {1 8  mm.)  wide,  and  about  half  an  inch 
(/J  mm.)  thick  ;  its  weight  being  from  one  to  two  drachms 
(^  to  8 gm.).  It  consists  of  a  dense  soft  stroma,  imbedded  in 
which  are  numerous  small  vesicles  {Graafian  vesicles),  muscular 
tissue,  blood-vessels,  and  nerves,  the  organ  being  invested  by 
a  serous  covering. 

The  serous  layer  covers  the  ovary,  but  does  not  present  the 
ordinary  features  of  a  peritoneal  investment,  for  the  covering 
is  dull  and  not  shining,  and  the  epithelium  consists  of  a  single 
layer  of  columnar  cells  which  are  the  remains  of  the  germ 
epithelium,  from  which  the  ova  and  the  other  cells  in  the 
Graafian  vesicles  have  been  originally  developed.* 

The  stroma  composes  the  substance  of  the  ovary,  and  con- 
sists of  some  connective  tissue  associated  with  a  large  amount 
of  spindle-shaped  cells,  resembling  in  their  appearance  unstriped 
muscle-cells.  It  contains  also  elastic  tissue,  and  is  abundantly 
supplied  with  blood-vessels,  which  are  larger  at  the  hilum  of 
the  ovary,  diminishing  in  size  towards  its  surface.  The  outer 
part  of  the  stroma  is  much  condensed,  so  as  to  give  a  white 
appearance  to  the  organ  ;  this  has  been  described  as  a  proper 
fibrous  coat,  the  tunica  albuginea  ova7ii,  but  which  does  not 
actually  exist  as  a  separate  layer. 

If  a  section  be  made  through  the  ovary,  you  will  find  that 
imbedded  in  the  stroma  are  a  large  number  of  small  transparent 
vesicles,  which  are  more  abundant  at  the  circumference  of  the 
ovary,  while  in  the  central  part  there  are  comparatively  few,  it 
being  composed  almost  entirely  of  the  stroma. 

The  transparent  vesicles  just  alluded  to  are  the  Graafian  folli- 
cles, or  the  ovisacs,  which  contain  the  ova.f  In  the  outer  part 
or  cortical  layer  of  the  stroma  of  the  ovary  may  be  observed  a 
large  number  of  closely  set  minute  vesicles,  about  ^\q  of  an 
inch  {0.2  mm.)  in  diameter,  more  numerous  in  the  ovaries  of 
young  children  and  in  some  animals.  In  the  central  part  or 
medullary  portion  of  the  stroma  are  seen  larger  and  less  num- 
erous vesicles,  the  largest  being  placed  most  deeply  ;  but  these, 
as  they  become  mature,  gradually  make  their  way  towards  the 
surface,  probably  by  absorption,  and  when  fully  developed 
measure  from  gV  to  \  of  an  inch  {l.^  to  ^f.  mm.)  in  diameter. 

*  Waldeyer,  Eier stock  u.  Ei,  Leipzig,  1870  ;  and  in  Strieker's  Handbiich,  1871. 
t  So  called  after  De  Graaf,  a  Dutch  anatomist,  who  discovered  them  in  1672, 
and  believed  they  were  the  true  ova. 
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One,  or  perhaps  more  than  one,  Graafian  vesicle  ruptures  at 
each  menstrual  period,  and  the  little  ovum  it  contains  escapes 
from  the  vesicle,  and  is  either  grasped  by,  or  falls  into  the 
fimbriated  end  of  the  Fallopian  tube,  and  is  thus  conveyed  into 
the  uterus.  The  ruptured  vesicle  from  which  the  ovum  has 
escaped  becomes  filled  with  blood,  and  subsequently  also  with 
an  exudation  from  its  walls,  so  as  to  constitute  a  reddish-yellow 
substance,  called  the  corpus  hiteum,  which  persists  for  a  while 
and  then  degenerates  into  a  small  stellate  fibrous  cicatrix. 


Fig.  20I.  —  Section  of  an  Ovary. 

e.  Germ  epithelium,  i.  Large-sized  follicles.  2,  2,  Middle-sized,  and  3,  3,  smaller-sized 
follicles  o.  Ovum  within  a  Graafian  follicle,  v,  v.  Blood-vessels  of  the  stroma,  g.  Cells 
of  the  mcmbrana  granulosa. 


The  Graafian  vesicles  are  very  numerous,  especially  in  the 
young  subject,  the  smaller  ones  being  the  most  numerous,  their 
average  diameter  being  about  ^\j^  of  an  inch  {0.2  mm)*  Ex- 
ternal to  the  larger  vesicles  there  can  be  distinguished  a  mcm- 
brana propria  or  basement  membrane ;  internal  to  this,  the 
stroma  becomes  altered  so  as  to  constitute  a  distinct  wall  to 
the  follicle.  Within  this,  and  lining  the  wall  of  the  vesicle, 
there  is  a  layer  of  nucleated  cells,  called  the  mcmbrana  granu- 
losa, which  surrounds  a  transparent  albuminous  fluid  in  which 
the  ovum  or  germ  is  contained.     The  vesicle,  as  it  approaches 

•  It  has  been  computed  that  in  the  ovaries  of  a  child  at  birth  there  are  no  less 
than  70,000  Graafian  folhcles. 
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the  surface  of  the  ovary,  develops  an  additional  layer  of 
granular  cells,  called  the  discus  proligerus,  within  which  the 
ovum  is  imbedded,  lying  usually  towards  the  free  surface  of 
the  ovary. 

The  ramifications  of  the  ovarian  artery  through  the  ovary  are  remarkable  for 
their  convolutions ;  they  run  in  parallel  lines,  as  in  the  testicle.  Its  nerves  are 
derived  from  the  ovarian  plexus,  which  comes  from  the  renal.  The  ovarian 
veins  foim,  like  the  spermatic  veins,  near  the  ovary,  the  pampiniform  plexus,  and 
then  terminate,  the  right  in  the  inferior  vena  cava,  the  left  in  the  renal  vein. 

Parovarium. — 'Y\\q. parovarium,  or  the  organ  of  Rosetimuller, 
is  the  remains  of  a  foetal  structure  situated  in  the  broad  ligament, 
between  the  Fallopian  tube  and  the  ovary.  It  consists  of  a 
series  of  convoluted  closed  tubules,  lined  with  epithelium,  con- 
verging from  beneath  the  Fallopian  tube  to  the  ovary.  At 
their  ovarian  end  the  tubules  are  separate,  but  at  their  broader 
end  they  are  joined  by  a  longitudinal  tube  running  parallel  to 
the  lower  border  of  the  Fallopian  tube.  It  is  the  vestige  of  a 
foetal  structure,  and  is  the  analogue  of  the  epididymis  in  the 
male,  and  is  connected  at  its  uterine  end  with  the  remains  of 
the  Wolffian  duct. 

DISSECTION  OF  THE  ABDOMINAL  VISCERA. 

The  Liver.  —  The  liver  is  the  largest  glandular  organ  in 
the  body,  and  in  the  adult  weighs  from  fifty  to  sixty  ounces 
{1550  to  i860  gin.).  It  serves  for  the  secretion  of  the  bile,  and, 
moreover,  alters  some  of  the  constituents  of  the  blood  in  its 
passage  through  the  organ.  Its  bilateral  diameter  is  from  ten  to 
twelve  inches  (25  to  JO  cm.)  ;  from  before  backwards  {dorso- 
ventrally)  it  measures  from  six  to  seven  inches  {I^  to  I'J.^  cm.) ; 
and  its  greatest  {cepJialo-caiidad)  thickness,  which  is  at  its  back, 
is  about  three  inches  (7.5  cm^. 

Topography.  —  The  liver  is  situated  in  the  right  Iiypo- 
chondriac  epigastric  and  may  extend  into  the  left  hypochondriac 
regions.  It  is  below  the  diaphragm,  in  front  of  the  ninth, 
tenth,  and  eleventh  thoracic  vertebrae,  and  on  the  right  side  is 
placed  between  the  seventh  and  eleventh  ribs;  in  front  it  is 
placed  behind  the  fifth,  sixth,  seventh,  eighth  and  ninth  costal 
cartilages  ;  its  anterior  border  can  be  outlined  on  the  right  side 
by  the  margins  of  the  costal  cartilages  ;  on  the  left  side  this 
border  is  in  contact  with  the  anterior  abdominal  wall  below  the 
appendix  sterni.     The  liver  is  movable  in  the  abdominal  cavity, 
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and  changes  its  position  with  that  of  the  body  ;  it  is  depressed 
in  deep  inspiration ;  it  is  elevated  in  the  dorsal  decubitus  one 
inch  {2.^  cm.)  above  the  costal  margins.  In  children  the  liver 
is  much  larger  in  proportion  to  the  body-weight  than  in  the 


Fig.  202. —Relation  op  the  Abdominal  Viscera  to  the  Parietes.     {Treves.") 


adult.  The  extreme  left  point  of  the  liver  is  about  one  and 
one-half  inches  {J.8  cm.)  to  the  left  of  the  sternum  ;  ventrally, 
m  the  mesial  line,  it  extends  midway  between  the  xiphoid  and 
the    umbilicus.     It   crosses  the  epigastrium  on  a  line  drawn 
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from  the  ninth  right  to  the  eighth  left  costal  cartilages  (Quain). 
The  upper  limit  of  the  liver  is  indicated  by  a  line  drawn  hori- 
zontally to  the    left    extreme  point  of   the  organ  ;    but  rising 


Fig.  203.  — Relation  of  the  Abdominal  Viscera  to  the  Parietes.    {Treves.) 

on  the  right  to  the  fifth  rib  in  the  mammary  line,  and  from 
the  point  to  the  spine  of  the  tenth  or  eleventh  thoracic 
vertebrae. 

Its    surface    is    entirely  covered  with  peritoneum,  except    a 
small  part    behind,  which  is  connected  to  the  diaphragm  and 
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the  upper  part  of  the  right  kidney  by  cellular  tissue,  and  again 
in  the  hollow  which  lodges  the  gall-bladder. 

The  upper  surface  is  smooth  and  convex  in  adaptation  to  the 
diaphragm,  and  is  marked  by  a  fold  of  peritoneum  running  from 
behind  forwards,  dividing  this  surface  into  two  unequal  lobes,  a 
right  and  a  left,  the  right  being  the  larger.  The  fold  of  peri- 
toneum is  the  suspensory  or  broad  ligament. 

The  under  surface  is  concave  and  irregular,  and  is  divided 
into  a  right  and  left  lobe  by  the  longitudinal  fissure,  and  ex- 
tends backward  to  and  including  the  transverse  fissure,  and  is 
covered  by  peritoneum. 

The  posterior  surface  is  concave  from  its  contact  with  the 
vertebral  column,  and  extends  from  the  upper  portion  of  the 
coronary  ligament  to  the  posterior  margin  of  the  transverse 
fissure.  It  contains  a  small  portion  of  the  left  lobe,  with  its 
tuber  omentale,  not  well  defined,  except  in  hardened  specimens ; 
the  Spigelian  lobe,  the  caudate  lobe,  a  portion  of  the  right  lobe 
embraced  between  the  folds  of  the  coronary  ligament,  and  the 
vena  cava.* 

The  posterior  border  is  thick  and  round,  having  attached  to  it 
the  coronary  ligament. 

The  anterior  border  is  thin  and  sharp,  and  presents  a  notch 
indicating  the  division  into  a  right  and  left  lobe  ;  the  notch 
lodges  the  round  ligament,  which  is  the  remains  of  a  foetal 
structure,  the  umbilical  vein.  There  is  also  to  the  right  side  of 
the  notch  a  slight  groove  corresponding  to  the  base  of  the  gall- 
bladder. 

The  right  border  is  thick  and  round,  the  left  is  flat  and  thin. 

Fissures. — The  under  surface  is  irregular,  and  is  marked 
by  five  fissures  which  map  out  the  five  lobes  (Fig.  204).  They 
are  the  longitudinal  fissure,  the  fissure  for  the  ductus  venosus, 
the  fissure  for  the  gall-bladder,  the  fissure  for  the  inferior  vena 
cava,  and  the  transverse  fissure.  The  relative  position  of  these 
fissures  (the  liver  being  ?«  sit?i)  may  be  best  impressed  on  the 
memory  by  comparing  them  collectively  to  the  letter  H. 
Tlie  transverse  fissure  represents  the  cross-bar  of  the  letter; 
the  longitudinal  fissure  and  the  fissure  for  the  ductus  venosus 
represent  the  left  bar  ;  the  fissures  for  the  gall-bladder  and  the 
vena  cava  make  the  right  bar. 

*  To  develop  all  the  depressions  and  elevations  the  subject  should  be  injected 
with  a  hardening  preservative  substance  containing  3%  to  5  %  of  formalde- 
hyde. —  A.  H. 
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The  longitudinal  fissure  divides  the  right  from  the  left  lobe, 
and  contains  the  round  ligament,  which  is  the  remains  of  the 
umbilical  vein  in  the  foetus.  It  is  deeper  in  front  than  behind, 
and  is  not  infrequently  bridged  over  by  liver  tissue,  constituting 
Xho.  pons  hepatis. 

The  fissure  for  the  ductus  venosus  is  the  continuation  back- 
wards of  the  longitudinal  fissure  to  the  posterior  border  of  the 
liver,  and  contains  a  fibrous  cord,  v/hich  is  the  obliterated 
remains  of  what  was  in  the  foetus  the  ductus  venosus. 

The  fissure  for  tJie  gall-bladder  is  a  shallow  depression  to 
the  right  of  the  longitudinal  fissure,  and  lodges  the  gall-bladder. 


Fig.  204.  —  Under  Surface  Of  the  Liver. 

1.  Left  lobe.  2.  Right  lobe.  3.  Lobulus  quadratus.  4.  Pons  hepatis.  5.  Lobulus  Spigelii. 
6.  Hepatic  artery.  7.  Portal  vein.  8.  Obliterated  ductus  venosus.  9.  Gall-bladder.  10. 
Cystic  duct.  11.  Hepatic  duct.  12,12.  Fissure  for  the  vena  cava.  13.  Inferior  vena  cava. 
14.  Vein  to  the  capsule  of  the  liver.  15.  Left  hepatic  vein.  16.  Right  diaphragmatic  vein. 
17.  Left  diaphragmatic  vein. 

The  fissure  for  the  inferior  vena  cava  runs  obliquely  back- 
wards and  joins  at  an  acute  angle  the  fissure  for  the  ductus 
venosus  at  the  posterior  border  of  the  liver.  It  begins  close 
to  the  right  extremity  of  the  transverse  fissure,  and  is  not 
uncommonly  surrounded  by  hepatic  tissue. 

The  transverse  or  portal  fissure,  about  two  inches  (5  cm^i  in 
length,  unites  the  other  fissures,  and  transmits  the  large  vessels 
which  enter  the  liver  in  the  following  order  :  in  front  is  the 
hepatic  duct,  behind  is  the  vena  portae,  and  between  them  the 
hepatic  artery. 

The  lobes  of  the  liver,  five  in  number,  are  also  seen  on  its 
ventral  and  dorsal  surfaces. 
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Lobes.  — The  rt'o^/it  lobe,  much  larger  than  the  left,  is  sepa- 
rated from  it  by  the  longitudinal  fissure  on  its  ventral  aspect, 
and  by  the  falciform  ligament  on  its  cephalad  surface.  Its 
cephalad  surface  is  smooth  and  convex,  somewhat  quadrilateral 
in  shape  ;  on  the  ventral  surface  it  is  marked  by  three  fissures 
—  the  transverse,  and  those  for  the  gall-bladder  and  vena  cava. 
It  has  also  on  its  ventral  surface  two  shallow  fossae  :  the 
anterior  {impressio  colicd)  is  for  the  hepatic  flexure  of  the 
colon  ;  the  posterior  {impressio  retialis)  for  the  right  kidney 
and  the  supra-renal  capsule. 

The  left  lobe  is  the  smaller  ;  its  cephalad  surface  is  smooth 
and  convex,  its  ventral  is  concave  and  rests  on  the  stomach. 

The  remaining  lobes  may  be  considered  as  forming  parts  of 
the  right  lobe,  and  are  the  lobulus  Spigelii,  the  lobulus  caud- 
atus,  and  the  lobulus  quadratus. 

The  lobulus  Spigelii  is  a  prominent  quadrilateral  lobe,  placed 
between  the  transverse  fissure  and  the  fissures  for  the  ductus 
venosus  and  vena  cava  ;  dorsad  to  the  transverse  fissure  it  is 
connected  to  the  right  by  a  ridge,  the  lobulus  caudatus. 

The  lobulus  caudatus,  which  passes  obliquely  ventrally  and 
to  the  right,  separating  the  fissure  for  the  vena  cava  from  the 
transverse  fissure. 

The  lobulus  quadj'atiis  is  a  square  lobe  situated  between  the 
gall-bladder,  the  longitudinal  and  the  transverse  fissures.  This 
lobe  is  occasionally  connected  to  the  left  lobe  by  a  bridge  of 
hepatic  substance  arching  over  the  longitudinal  fissure,  and 
alluded  to  before  as  the  pons  hepatis. 

Ligaments.  —  The  liver  has  five  ligaments,  of  which  the 
corojiary,  the  right  and  left  lateral,  and  \hQ  falciform  are  reflec- 
tions of  the  peritoneum  ;  the  fifth  is  the  round  ligament,  placed 
in  the  ventral  free  border  of  the  falciform  ligament  in  the  longi- 
tudinal fissure  ;  it  consists  of  the  remains  of  the  umbilical  vein  of 
the  foetus.    The  ligaments  have  already  been  described  (p.  451). 

Vessels.  —  The  vessels  which  pass  to  and  from  the  liver 
arc  five  also  in  number :  the  hepatic  artery,  the  vena  portae, 
the  hepatic  veins,  the  hepatic  duct,  and  the  lymphatics.  The 
consideration  of  these  is  deferred  till  we  have  examined  the 
capsule  of  the  liver. 

T\\Q.  fibrous  coat  surrounds  the  liver,  and  is  best  seen  on  those 
parts  of  it  not  covered  with  peritoneum.  This  coat  is  connected 
on  the  surface  of  the  gland  to  the  areolar  tissue  which  surrounds 
the  lobules,  but  does  not  send  down  partitions  to  form  a  frame- 
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work  for  the  interior.  It  is  continuous,  at  the  transverse  fissure, 
with  the  sheath  of  loose  areolar  tissue,  called  Glissons  capsule, 
which  surrounds  the  vessels  as  they  enter  that  fissure,  and  en- 
closes them  in  a  common  sheath  in  their  ramifications  through 
the  liver. 

The  interlobular  connective  tissue  is  exceedingly  delicate : 
hence  the  great  liability  of  the  liver  to  be  lacerated  by  external 
violence,  and  consequent  haemorrhage  into  the  peritoneal  cavity. 
Lobules.  —  The  liver  consists  of  an  aggregation  of  small 
polyhedral  masses,  called  lobules,  about  the  size  of  a  millet  seed, 
which  range  from  ^V  to  xV  of  an  inch  (/  to  2  mm)  in  diameter. 

These  lobules  are  more  or  less 
distinctly  marked  out  by  septa 
of  areolar  tissue,  and  in  a  trans- 
verse section  have  the  appear- 
ance of  mosaic  pavement  (Fig. 
205)  ;  but  in  a  perpendicular 
section  they  somewhat  resemble 
an  oak  leaf  (Fig.  206).  Each 
lobule  is  mapped  out  by,  and 
separated  from,  the  adjacent 
lobules  by  delicate  connective 
tissue,  in  which  runs  a  plexus  of 
vessels  —  interlobular  plexus  — 
consisting  of  branches  of  the 
portal  vein.  From  this  plexus 
passes  inwards  into  the  lobule  a 
fine  capillary  network,  whose 
branches  converge  to  the  centre  of.  the  lobule  and  end  in  a 
single  vein,  the  intralobular  vein,  which,  in  its  turn,  opens  into 
the  sublobular  vein,  and  thence  into  the  hepatic  vein.  With  the 
interlobular  plexus  run  the  biliary  ducts.  The  lobules  them- 
selves consist  of  a  minute  plexus  of  blood-vessels,  ducts,  and 
cells  —  hepatic  cells  —  which  latter  fill  up  the  spaces  between 
the  ramifications  of  the  vessels.  It  will  facilitate  the  under- 
standing of  the  different  hepatic  vessels,  if  it  be  borne  in  mind, 
(i)  that  the  portal  vein,  hepatic  artery,  and  hepatic  duct  ramify 
together  from  first  to  last,  enclosed  in  a  common  sheath  of  con- 
nective tissue,  called  GlissoiUs  capsule ;  (2)  that  the  hepatic 
veins  run  alone  from  first  to  last,  and  terminate  in  the  inferior 
vena  cava  as  it  passes  through  the  posterior  or  dorsal  surface 
of  the  liver. 


Fig.  205.  —  Transverse  Sections  of  Three 
Lobules  of  the  Liver,  Magnified  to 
Show  the  Portal  Venous  Plexus.  {After 
Kiernan.') 

a.  Interlobular  vein,  b.  Intralobular  or  central 
vein. 
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The.  portal  vein  enters  the  transverse  fissure  of  the  liver,  ac- 
companied by  the  entering  hepatic  artery  and  the  emerging 
right  and  left  hepatic  ducts,  which,  as  before  stated,  are  sur- 
rounded in  the  liver  by  a  common  sheath  called  Glisson's  cap- 
sule. In  the  liver  the  portal  vein  ramifies  between  the  lobules 
and  gives  off  numerous  branches,  called  interlobular  or  peri- 
pheral veins,  which  pass  between  the  lobules  and  communicate 
freely  with  each  other.  These  receive  the  vaginal  and  capsular 
veins  which  convey  the  blood  from  the  corresponding  branches 
of  the  hepatic  artery.  The  interlobular  plexus  of  veins  gives 
off  a  minute  capillary  network,  which  penetrates  into  the  interior 
of  the  lobule,  and  conv^erges  towards  the  centre  of  the  lobule  to 
open  directly  into  a  single  central  vein  called  the  intralobular 
vein.  The  capillaries  which  compose  this  network  run  in  a 
nearly  parallel  direction  from  the 
circumference  to  the  centre  of  the 
lobule,  and  communicate  freely 
with  each  other  by  small  trans- 
verse branches.  The  intervals  be- 
tween the  branches  of  the  capillary 
network  is  very  small,  varying  from 
tttVtt  to  4}^  of  an  inch,  while  the 
vessels  themselves  are  compara- 
tively large,  being  about  ^^oo  of 
an  inch  in  diameter.  The  intralob- 
ular vein  returns  the  blood  from  the  centre  of  the  lobule,  and 
opens  immediately  into  a  sublobular  vein,  larger  or  smaller  as 
the  case  may  be,  upon  which  the  lobule  is  sessile  (Fig.  206). 

The  sublobular  veins,  increasing  in  size,  empty  themselves 
into  the  smaller  hepatic  veins ;  these  unite  to  form  the  main 
hepatic  trunks,  usually  three  in  number,  one  each  from  the  right 
and  left  lobes  and  the  lobulus  Spigelii.  These  hepatic  veins 
open  into  the  inferior  vena  cava  as  this  vessel  passes  to  the 
posterior  border  of  the  liver. 

The  hepatic  artery,  entering  the  transverse  fissure  of  the  liver, 
divides  and  subdivides  with  the  portal  vein  and  biliary  ducts,  and 
ramifies  with  them  between  the  lobules.  The  artery  distributes 
branches  —  vaginal  branches  —  whilst  within  the  portal  canals 
which  supply  the  coats  of  the  hepatic  vessels  and  Glisson's  cap- 
sule ;  also  capsular  branches  to  the  fibrous  coat  of  the  liver,  which 
appear  on  the  surface  of  the  liver  in  stellate  plexuses  ;  and  inter- 
lobular branches,  which  accompany  the  corresponding  veins  and 


Fig.  206.  —  LoNGiTUDiNAi,  Sections  of 
THE  LciuiLES  OF  THE  LiVER.  Intra- 
lobular Veins  seen  Joining  the  Sub- 
lobular. 
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pass  into  the  lobules  to  join  the  capillary  network  which  leads 
to  the  radicles  of  the  intralobular  vein. 

The  interior  of  each  lobule  —  that  is,  the  space  left  between 
the  several  vessels  —  is  filled  by  the  hepatic  cells.  They  are  of 
spheroidal  or  polyhedral  shape,  with  a  diameter  varying  from 


Fig.  207.  —  I.   Diagram  of  a  Liver  Lobule. 

V.i,  Vi.  Interlobular  vein  (portal).  V.c.  Central  or  intralobular  vein  (hepatic).  c,c.  Capillaries 
between  both.  V.s.  Sublobular  vein.  V.v.  Vena  vascularis.  A. A.  Hepatic  artery,  giving 
branch  r,_r,  to  Glisson's  capsule  and  the  larger  vessels,  and  ultimately  forming  the  venae  vascu- 
lares  at  i,i,  opening  into  the  intralobular  capillaries,  g.  Bile  ducts.  x,x.  Intralobular  biliary 
channels  between  the  liver  cells.  d,d.  Position  of  the  liver  cells  between  the  meshes  of  the 
blood  capillaries. 

II.   Isolated  Liver  Cells. —  C.    Blood  capillaries,     a.  Fine  bile-capillary  channel. 


TToo  to  -g^o  of  an  inch,  and  have  no  cell-wall.  They  consist 
of  a  granular  substance  of  a  light  yellow  tinge,  containing  one 
or  more  distinct  nuclei  having  a  highly  refracting  nucleolus.  In 
some  cases  the  cells  contain  fat  globules ;  when  these  accumu- 
late in  large  quantities,  they  constitute  what  is  called  a  fatty 
liver.    The  o^ct  of  the  hepatic  cells  is  to  separate  the  bile  from 
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the  blood,  and  when  filled  with  bile,  to  discharge  their  contents 
into  the  biliary  ducts. 

The  biliary  ducts  are  the  channels  through  which  the  bile  is 
conveyed  into  the  hepatic  ducts.  They  commence  as  minute 
passages  —  bile  canaliculi  —  which  are  formed  between  and 
around  the  hepatic  cells,  and  then  pass  outwards  to  the  circum- 
ference of  the  lobule,  where  they  open  into  the  bile-ducts  be- 
tween the  lobules.*  Here  they  form  a  plexus  —  interlobular — 
which  opens  into  ducts  which  run  with  the  hepatic  artery  and 
portal  vein  in  the  portal  canals  ;  eventually  these  join  with 
other  ducts  to  form  the  right  and  left  hepatic  ducts,  which  leave 
the  transverse  fissure  of  the  liver,  and,  after  a  course  of  about 
an  inch,  unite  to  form  a  single  duct,  the  common  hepatic  duct. 

The  lymphatics  of  the  liver  are  arranged  in  two  sets  :  superficial  and  deep. 
The  superficial  may  be  divided  into  those  on  the  cephalad  convex  surface  and 
those  on  the  ventral  aspect ;  the  lymphatics  on  the  convex  surface  are  :  (i)  those 
which  run  dorsally  between  the  layers  of  the  falcifonn  ligament  and  then  pass 
through  the  diaphragm  dorsad  to  the  ensiform  cartilage  to  enter  the  anterior 
mediastinal  glands,  and  thence  to  the  right  lymphatic  duct ;  (2)  those  which  pass 
ventrally  over  its  ventral  margin  to  the  ventral  aspect  to  enter  the  glands  in  the 
gastrohepatic  omentum ;  (3)  those  which  run  to  the  right  lateral  ligament,  and 
then  either  pierce  the  diaphragm  to  join  the  anterior  mediastinal  glands,  or  pass 
inwards  to  open  into  the  thoracic  duct  at  its  commencement ;  and  (4)  those  which 
run  to  the  left  lateral  ligament,  which,  after  piercing  the  diaphragm,  open  into  the 
anterior  mediastinal  glands.  The  lymphatics  on  the  under  aspect  are  arranged  as 
follows:  (i)  those  on  the  right  side  of  the  gall-bladder  open  into  the  lumbar 
glands;  (2)  those  surrounding  the  gall-bladder  accompany  the  hepatic  artery  to 
join  the  glands  in  the  gastro-hepatic  omentum  ;  (3)  those  on  the  left  side  enter  the 
glands  on  the  lesser  curve  of  the  stomach  and  the  oesophagus.  The  dap  lym- 
phatics originate  partly  in  the  connective  tissue  between  the  lobules,  and  there 
accompany  the  hepatic  artery  and  portal  vein  and  duct  to  the  transverse  fissure, 
to  join  the  lymphatic  glands  on  the  lesser  curve  of  the  stomach  and  dorsad  to  the 
pancreas  ;  some  lymphatics  also  accompany  the  branches  of  the  hepatic  veins. 

The  7terves  of  the  liver  are  derived  from  the  pneumogastric,  chiefly  the  left,  and 
from  the  hepatic  plexus  which  comes  from  the  coeliac  plexus.  These  plexuses 
enter  the  liver  at  the  transverse  fissure,  surround  the  hepatic  artery  and  the  portal 
vein,  and  accompany  these  vessels  in  their  ramifications  through  it.  The  ultimate 
termination  of  these  nerves  is  not  known. 

The  functions  of  the  liver  may  be  thus  briefly  expressed  :  i. 
It  renders  the  albuminous  matter  (albuminosc),  brought  to  it  by 
the  portal  vein,  capable  of  being  assimilated.  2,  It  forms  a 
substance,  glycogen,  easily  converted  into  sugar,  which  passes 
into  the  hepatic  veins,  and,  being  consumed,  helps  to  maintain 
animal  heat.     3.    It  secretes  the  bile,  which  assists  in  convert- 

*  The  biliary  ducts  between  the  lobules  are  lined  with  a  short  colummar  epi- 
thelium, resting  on  a  basement  membrane;  but  it  is  doubtful  whether  the  bile- 
canaliculi  are  very  minute  ducts,  or  whether  they  are  not  simple  intercellular 
passages  between  the  hepatic  cells. 
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ing  the  chyme  into  chyle,  and  reducing  it  into  a  state  fit  to  be 
absorbed  by  the  lacteals.  4.  The  bile  acts  as  a  natural  aper- 
ient. 5.  The  bile  is  an  antiseptic,  and  probably  prevents  the 
decomposition  of  the  food  during  its  passage  through  the  intes- 
tine. 

Gall-bladder.  —  The  gall-bladder,  or  reservoir  for  the  bile,  is 
pyriform  in  shape,  and  is  confined  in  a  slight  depression  on  the 
under  surface  of  the  right  lobe  of  the  liver  (p.  452).  It  is  about 
four  inches  {10  cm.)  long,  an  inch  {2.^  cm.)  in  its  broadest  part, 
and  is  capable  of  holding  about  i^  oz.  {4(^.2  c.c.)  of  fluid.  Its 
broadest  part  projects  beyond  the  ventral  margin  of  the  liver, 
and  it  is  maintained  in  its  position  by  the  peritoneum,  which 
usually  is  continued  over  it  from  the  liver,  but  which  may  occa- 
sionally completely  invest  it, 
so  as  to  form  a  kind  of  me- 
sentery. It  is  divided  into  a 
fundus,  a  body  and  a  neck. 
The  fundus  is  "its  broadest 
part,  and  usually  projects  a 
little  beyond  the  ventral  bor- 
der of  the  liver  ;  from  this  it 
gradually  narrows,  forming 
the  body  ;  and  this  again  still 
further  contracts  to  form  the 
jieck,  which  makes  a  bend 
downwards,  curving  upon  it- 
self like  the  letter  S.  The 
neck  terminates  in  a  duct 
called  the  cystic  duct,  which, 
after  a  course  of  about  an 
inch  {2.^  cm.),  joins  the  common  hepatic  duct  at  an  acute  angle. 
The  common  duct  thus  formed,  called  the  ductals  communis 
choledocJius,  is  about  three  inches  (/'.5  cm}j  long,  and  of  the  size 
of  a  crow-quill ;  it  opens  into  the  inner  side  of  the  back  of  the 
descending  part  of  the  duodenum,  after  running  very  obliquely 
through  the  coats  of  the  bowel. 

The  gall-bladder  consists  of  two  coats,  and  of  a  partial  perito- 
neal covering  which  only  completely  surrounds  the  fundus. 

The  middle  coat  consists  of  strong  connective  tissue,  whose 
fibres  interlace  in  all  directions,  and  in  which  involuntary  mus- 
cular fibres  can  be  traced,  running  mainly  in  the  long  axis  of 
the  gall-bladder. 


Fig.  208.  —  Diagram  of  a  Transverse  Section 

THROUGH   THE   LoWER   PaRT    OF  THE   ABDOM- 
INAL   Cavity. 

G.O.  The  great  omentum  with  its  cavity.  I. 
Small  intestine.  A.  Aorta.  V.  Inferior  vena 
cava.  A.C.  Ascending  colon.  D.C.  Descend- 
ing colon.     K.  Kidneys. 
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The  vnicous  coat  can  only  be  seen  when  the  gall-bladder  has 
been  opened,  which  should  now  be  done  by  laying  it  open  from 
the  fundus  to  the  neck.  It  is  loosely  connected  to  the  middle 
coat,  and  it  is  gathered  into  ridges,  which  give  it  a  honeycombed 
appearance,  more  or  less  tinged  yellowish-brown  by  the  bile. 
This  appearance  is  most  marked  in  the  middle  of  the  gall-blad- 
der, where  the  surface  is  covered  with  polygonal  ridges  enclos- 
ing depressions,  in  which  may  be  seen  with  a  lens  numerous 
openings  leading  down  to  mucous  follicles.  It  is  covered  with 
columnar  epithelium,  which  secretes  an  abundance  of  viscid 
mucus.  At  the  bend  of  the  neck  of  the  gall-bladder  both  its 
coats  project  very  much  into  the  interior,  making  the  opening 
consideralDly  narrower  than  it  appears  to  be  outside.  In  the 
cystic  duct  the  mucous  membrane  presents  a  series  of  folds,  so 
arranged  one  after  the  other  as  to  form  a  complete  spiral  valve. 
The  probable  use  of  this  is  to  prevent  the  too  rapid  flow  of  the 
bile.  The  gall-bladder  appears  to  serve  mainly  as  a  reservoir 
for  the  bile  while  digestion  is  not  going  on.  The  bile  becomes 
during  its  sojourn  in  the  gall-bladder  very  viscid  and  intensely 
bitter. 

The  gall-bladder  is  supplied  with  blood  from  the  cystic  branch 
of  the  right  hepatic  artery ;  its  blood  is  returned  by  the  cystic 
vein,  which  opens  into  the  vena  portae  ;  its  nerves  are  derived 
from  the  coeliac  plexus,  which  accompany  the  hepatic  artery. 

Pancreas.  —  The  pancreas  is  a  large  gland  belonging  to  the 
acino-tubular  class.  It  is  placed  transversely  across  the  dorsal 
wall  of  the  abdomen  in  the  epigastric  and  left  hypochondriac 
regions  on  the  body  of  the  first  lumbar  vertebra,  and  measures 
from  six  to  eight  inches  {l^  to  20  cm.)  in  length,  about  an  inch 
and  a  half  {^.8  cm)  in  breadth,  and  from  half  an  inch  to  an  inch 
(/J  mm.  to  2.^  cm.)  in  thickness,  its  weight  being  usually  from 
two  to  three  and  a  half  ounces  {62  to  108 gm.).* 

It  presents  for  examination  a  head,  a  body,  and  a  tail. 

The  head,  situated  to  the  right  side,  is  turned  down,  and  is 
embraced  by  the  descending  and  transverse  portions  of  the 
duodenum,  the  superior  and  inferior  pancreatico-duodcnal  arte- 
ries running  between  them.  A  considerable  prolongation  usu- 
ally extends  upwards  from  the  posterior  part  of  the  gland,  and 
reaches  the  lesser  curve  of  the  stomach  ;  this  constitutes  some- 
times a  separate  mass,  and  is  then  termed  the  lesser  pancreas. 

•  It  is  of  a  soft  structure  and  a  pinkish-cream  color,  —  A.  II. 
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The  tail  is  the  narrow  end  of  the  pancreas,  which  extends  to 
the  left  as  far  as  the  hilum  of  the  spleen. 

The  body  is  convex  in  front,  and  is  covered  by  the  ascending 
layer  of  the  transverse  meso-colon. 

The  pancreas  has  a  posterior  surface  which  is  concave,  and  lies 
on  the  vena  cava,  the  aorta,  the  crura  of  the  diaphragm,  the 
superior  mesenteric  artery  and  vein,  the  commencement  of  the 
vena  portae,  and  the  inferior  mesenteric  vein ;  an  upper  border 
which  is  thick,  and  is  in  relation  with  the  splenic  artery  and  vein, 
the  coeliac  axis,  the  hepatic  artery,  and  the  first  portion  of  the 


Pancreatic  duct, 


Fig.  209. 


-Pancreas  and  Duodenum  Seen  from   Behind. 
THE  Duct. 


The  Gland  is  Cut  to  Show 


duodenum ;  and  a  lower  border  which  is  thin,  and  is  in  relation 
with  the  superior  mesenteric  artery  and  vein,  and  on  its  left  with 
the  inferior  mesenteric  vein. 

The  duct  of  the  pancreas,  called  also  the  duct  of  Wirsung, 
passes  from  left  to  right  in  the  pancreas,  nearer  its  lower  than 
its  upper  border,  and  nearer  its  anterior  or  ventral  than  its  pos- 
terior or  dorsal  surface.  Commencing  at  the  tail  by  the  junc- 
tion of  the  smaller  ducts,  it  receives  in  its  course  to  the  right 
side,  repeatedly,  other  ducts,  and  thus  gradually  increases  in 
size  until  it  reaches  the  head,  where  it  usually  receives  a  large 
branch  from  the  lesser  pancreas  ;  the  large  duct  then  curves 
downwards,  and  comes  into  relation  with  the  common  bile  duct ; 
it  then  passes  very  obliquely  through  the  coats  of  the  descend- 
ing duodenum  on  its  posterior  aspect,  and  then  either  opens 
separately,  or  in  conjunction  with  the  common  bile  duct,  into 
this  portion  of  the  intestine. 

The  structure  of  the  pancreas  resembles  in  most  of  its  char- 
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acters  that  of  the  salivary  glands.  The  alveoli  are  tubular,  fre- 
quently convoluted,  and  are  lined  by  columnar  epithelium,  which 
leaves  only  a  narrow  lumen,  which  is  often  occupied  by  spindle- 
shaped  cells  called  the  centro-acina7'-cells*  The  ducts  are  very 
constricted  at  their  commencement  from  the  alveolus,  and  are 
lined  by  short  columnar  epithelial  cells,  which  become  larger 
towards  the  termination  of  the  duct. 

The  arteries  of  the  pancreas  are  derived  from  the  splenic,  the 
superior  and  inferior  pancreatico-duodenal  branches,  respectively, 
of  the  hepatic  and  the  superior  mesenteric  arteries.  The  veins 
open  into  the  splenic  and  superior  mesenteric  veins.  The  lym- 
phatics end  in  the  lumbar  glands  ;  its  nerves  are  derived  from 
the  solar  plexus. 

The  uses  of  the  pancreatic  fluid  are  :  to  convert  the  starchy 
matters  into  dextrine  and  grape  sugar  ;  to  emulsify  (in  conjunc- 
tion with  the  bile)  the  fatty  particles,  and,  by  its  alkaline  salts, 
partly  saponify  the  fatty  acids,  thus  enabling  them  to  be  taken 
up  by  the  lacteals  ;  and,  lastly,  to  convert  into  peptones  the  albu- 
minous and  gelatinous  substances  of  food.  It  is  an  alkaline  fluid, 
very  similar  to  that  secreted  in  the  salivary  glands,  but  contains 
no  sulpho-cyanogen. 

Spleen. f — The  spleen  is  a  very  vascular  sponge-like  organ, 
and  belongs  to  the  class  of  ductless  glands.  It  varies  in  size 
according  to  the  amount  of  blood  in  it,  fluctuating  in  weight, 
consistently  with  health,  between  five  and  ten  ounces. J  It  is 
of  a  reddish-blue  color,  is  more  or  less  elliptical  in  shape,  and 
in  its  natural  position  is  placed  with  its  long  axis  nearly  vertical. 
It  is  about  five  inches  {12.^  cm.)  in  length,  three  to  four  inches 
(7.5  to  10 cm.)  in  breadth,  and  from  one  to  one  and  a  half  inches 
(^5  to  ^.8  cm.)  in  thickness;  in  volume  it  varies  from  9J  to  15 
cubic  inches  {or  I^g.2^  c.  cm.  to  24.^  c.  cm.).  Its  outer  surface  is 
smooth  and  convex,  and  corresponds  to  the  ninth,  tenth,  and 
eleventh  ribs  on  the  left  side,  being  in  relation  with  the  under 

*  The  other  ductless  glands  are  the  thyroid,  thymus,  and  supra-renal  capsules. 

t  "It  lies  very  obliquely,  its  long  axis  coinciding  almost  exactly  with  the  line 
of  the  tenth  rib.  It;i  highest  and  lowest  points  are  on  a  level,  respectively,  with 
the  ninth  thoracic  and  first  lumbar  spines;  its  inner  end  is  distant  about  one  inch 
and  a  half  (j.8.  cm.)  from  the  median  plane  of  the  body,  and  its  outer  end  reaches 
the  mid  axillary  line."  —  Quain. 

The  ventral  margin  may  be  outlined  on  a  line  drawn  from  the  left  steno-clavic- 
ular  articulation  to  the  tip  of  the  eleventh  rib.  —  A.  II. 

X  In  ague  and  other  forms  of  fever  it  sometimes  attains  a  weight  of  from  i8 
to  20  pounds  (<?./  to  9  Idlof^rams) ;  it  diminishes  in  weight  after  forty  years  of  age, 
and  is  enlarged  during  and  after  digestion. 
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aspect  of  the  diaphragm ;  its  inner  surface  is  concave,  and 
is  adapted  to  the  cardiac  end  of  the  stomach  ;  this  surface  is 
divided  into  a  larger  anterior  and  a  smaller  posterior  portion 
by  a  vertical  fissure  —  the  hihmi  —  at  the  bottom  of  which  are 
large  openings,  through  which  the  vessels  enter  and  emerge 
from  the  spleen.  The  borders  are  :  an  upper,  thick  and  rounded  ; 
a  loiver,  pointed ;  a  posterior,  rounded  ;  and  an  anterior,  also 
rounded,  and  often  notched. 

As  already  mentioned,  the  spleen  is  connected  to  the  stomach 
by  the  gastro-splenic  omentum,  and  to  the  under  aspect  of  the 
diaphragm  by  the  suspensory  ligament. 

The  spleen  is  invested  with  two  coats  —  a  serous  or  perito- 
neal, and  a  fibro  elastic.  The  outer  or  serous  coat  entirely  covers 
the  organ,  except  at  the  hilum,  from  which  it  is  reflected  to  the 
stomach  ;  it  is  thin  and  smooth,  and  is  intimately  connected  to 
the  subjacent  fibrous  coat.  IX'&fibro-elastic  coat  (tunica  propria), 
thick  and  strong,  not  only  covers  the  spleen,  but  sends  inwards 
throughout  its  substance  fibrous  bands  {trabecules),  which  inter- 
lace in  all  directions,  and  thus  form  an  intricate  network  of  what 
are  termed  trabecular  spaces  or  areolce ;  this  coat  consists  of  a 
strong,  white,  and  elastic  tissue,  and  is  consequently  exceed- 
ingly elastic  to  admit  of  the  varying  size  of  the  spleen  ;  it  more- 
over contains  more  or  less  unstriped  muscular  fibres,  so  that  it 
contracts  faintly  on  the  application  of  the  galvanic  current. 
Besides  this,  the  trabeculse  form  sheaths  and  supports  for  the 
splenic  vessels  throughout  their  ramifications. 

The  areolae,  above  described,  are  filled  with  what  is  termed 
the  spleen  pulp.  This  pulp  is  a  soft  reddish-brown  substance, 
and  under  the  microscope  is  seen  to  consist  of  connective-tissue 
corpuscles,  which  with  their  branched  communicating  processes, 
called  the  sustentacular  cells  of  the  pulp,  make  up  a  fine  reticu- 
lar tissue,  the*  interstices  of  which  are  filled  with  red  and  white 
blood-corpuscles.  Thus  the  areolae  are  divided  into  a  large 
number  of  smaller  spaces  by  these  sustentacular  cells,  and  the 
white  blood-cells  contained  within  them  are  more  numerous  than 
in  normal  blood,  especially  in  the  neighborhood  of  the  Malpighian 
corpuscles.  The  cells  have  either  one  or  more  nuclei  according 
to  their  size,  and  present  distinct  amoeboid  movements.  In 
these  cells  frequently  small  yellowish  granules  may  be  distin- 
guished, which  are  probably  derived  from  blood-cells,  for  they 
present  all  the  characters  of  hasmatin.  Blood-corpuscles  in  all 
stages,  from  an  unchanged  disk  to  one  of  complete  disintegra- 


STRUCTURE  OF  THE  SPLEEN.  571 

tion,  may  be  seen  ;  and  it  has  been  shown  by  Klein  that  some 
of  them  present  knob-Hke  projections,  as  if  from  budding  of 
small  nuclei  by  a  process  of  gemmation. 

The  splenic  arteiy  enters  the  hilum  of  the  spleen  by  several 
branches  which  ramify  in  its  substance,  ensheathed  and  sup- 
ported by  its  fibrous  framework.*  The  artery  is  remarkable  for 
its  large  size,  as  compared  with  the  organ  to  which  it  is  dis- 
tributed, and  also  for  its  serpentine  course.  The  smaller 
branches  leave  the  trabecula;,  still  invested  by  a  sheath  derived 
from  the  fibro-elastic  coat  of  the  spleen  ;  but,  before  they 
terminate  in  penicillate  tufts  the  sheath  becomes  changed  into 
a  thick  investment  of  lymphoid  tissue,  which  surrounds  the 
smallest  arterioles.  The  lymphoid  tissue,  which  forms  the 
sheath  of  the  arterioles,  is  here  and  there  dilated  into  oval 
enlargements,  called  the  MalpigJiian  corpuscles,  varying  in  size 
from  ^\Xh  to  a^jth  of  an  inch  (.J  to  I  mm.)  in  diameter.  These 
bodies  are  sometimes  thickenings  on  the  side  of  the  arterioles, 
but  more  commonly  they  completely  surround  the  vessels.  They 
are  visible  in  a  fresh  spleen,  and  look  like  white  spots  scattered 
through  the  dark  pulp.  There  do  not  appear  to  be  any  defi- 
nite boundaries  between  them  and  the  reticular  tissue ;  their 
interior  consists  of  a  fine  reticulum,  denser  at  the  circumference 
than  at  the  centre,  and  is  filled  with  lymphoid  cells  possessing 
amoeboid  movements.  The  smaller  arteries,  after  branching  in 
all  directions,  enter  the  spleen  pulp,  and  their  lymphoid  walls 
alter  in  character,  presenting  numerous  branched  processes 
which  communicate  with  the  branched  cells  of  the  sustentacular 
tissue.  Through  this  connection  they  pour  their  blood  directly 
into  the  pulp  tissue,  and  thus  into  relation  with  the  constituents 
of  the  pulp  tissue,  by  which  means  it  is  subjected  to  important 
changes.  The  veijis  commence  in  the  pulp  tissue  in  the  same 
way  as  the  arteries,  and  are  at  first  formed  by  the  arrangement 
into  rows  of  the  connective-tissue  corpuscles,  which  subse- 
quently become  spindle-shaped  and  overlap  each  other,  so  con- 
stituting a  variety  of  endothelial  lining  to  the  venous  passages. 
Assuming  more  the  ordinary  character  of  veins,  they  travel 
along  the  trabeculcC  like  the  arteries,  but  do  not  accompany 
them,  and  freely  communicate  with  each  other,  and  so  far  are 
unlike  the  arteries.     The  small  veins  present  transverse  lines 

•  The  ramifications  of  the  splenic  artery  may  1)6  seen  by  washing  away  the 
pulp  and  floating  the  flocculent  looking  spleen  in  water. 
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or  markings,  caused  by  the  encircling  elastic  fibres  around  the 
vessels  of  the  sustentacular  tissue  of  the  spleen.  After  enter- 
ing the  trabecular  tissue,  which  forms  sheaths  for  the  veins, 
they  gradually  join  and  form  four  to  six  large  veins,  which 
leave  the  hilum  to  constitute  the  splenic  vein. 

The  lymphatics  oi  the  spleen  are  arranged  in  two  sets  —  a  trabecular  and  a 
perivascular :  the  former  originate  in  the  trabeculas,  and  are  connected  with  the 
lymphatics  beneath  the  capsule ;  the  latter  arise  in  the  lymphoid  tissue  around  the 
arteries,  and  subsequently  run  one  on  each  side  of  the  arteries,  anastamosing  fre- 
quently by  transverse  branches.  The  trabecular  and  perivascular  lymphatics  join 
at  the  hilum,  and  run  between  the  layers  of  the  gastro-splenic  omentum  to  the 
lymphatic  glands. 

The  nerves  come  from  the  solar  plexus  and  the  right  pneumogastric  nerve. 

The  function  of  the  spleen  appears  to  be  that  of  a  great 
blood-gland,  and  thus  concerned  in  the  development  of  white 
corpuscles ;  for  the  blood  which  is  conveyed  from  the  spleen 
contains  a  large  excess  of  white  corpuscles.  The  large  number 
of  red  blood-corpuscles,  in  various  stages  of  disintegration,  also 
points  to  another  use  of  the  spleen  as  the  gland  for  the  degene- 
ration of  red  blood-cells  into  pigment,  which  is  conveyed  through 
the  spleen  to  the  liver  to  be  used  in  the  secretion  of  the  bile. 
It  is  also  presumed  that  the  gland  elaborates  the  albuminous 
materials  of  food,  and  stores  them  up  for  a  time  before  they 
pass  into  the  circulation. 

Kidneys.  —  The  kidneys,  two  in  number,  are  situated  in  the 
lumbar  region,  behind  the  peritoneum,  imbedded  in  fat.  The 
left,  usually  situated  higher  than  the  right,  is  generally  longer 
and  somewhat  heavier.  Their  color  is  reddish-brown.  Each  is 
about  4.4  inches  (//  cm)  in  length,  two  inches  (5  cm^j  in 
breadth,  and  one  inch  (2.5  cm.)  in  thickness.  Each  weighs  from 
four  to  six  ounces  {II 3-5  to  I  JO  gm.)  in  the  male,  and  in  the 
female,  four  to  five  and  a  half  ounces  {IIJ-S  to  1^56  gm.). 

The  kidney  presents  for  examination  two  surfaces,  two 
borders,  and  an  upper  and  a  lower  end. 

Topography.  —  The  kidney  according  to  Morris  is  bisected 
by  the  horizontal  and  vertical  planes,  which  form  the  hypochon- 
driac, epigastric,  umbilical  and  lumbar  regions  ;  its  upper  level 
corresponding  to  the  twelfth  thoracic  vertebra ;  its  lower  level 
that  of  the  second  lumbar  vertebra ;  the  right  lying  one-half 
inch  {I J  mm.)  lower  than  the  left.  The  anterior,  ventral,  or 
visceral  surface  of  the  right  kidney  is  in  contact  with  the  liver, 
a  portion  of  the  descending  duodenum,  ascending  colon,  and  the 
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right  colic  vessels.  The  anterior,  or  visceral  surface  of  the  left 
kidney  is  in  contact  with  the  stomach,  the  pancreas,  splenic 
vessels,  the  descending  colon,  and  the  left  colic  vessels. 

The  posterior  surfaces  of  both  kidneys  are  in  front  of  a  por- 
tion of  the  eleventh  and  twelfth  ribs,  first  and  second  lumbar 
vertebrae,  covered  by  the  diaphragm  and  crura  of  the  same ; 
the  psoas,  transversalis  and  quadratus  lumborum  muscles, 
covered  by  their  respective  fascial  and  the  twelfth  thoracic, 
the  ilio-hypogastric,  the  ilio-inguinal  and  the  first  and  second 
lumbar  nerves.  The  left  kidney  overlaps  a  portion  of  the 
spleen.  From  this  relation  it  is  possible  for  an  abscess  in  the 
peri-renal  fat  to  enter  the  pleural  cavity  or  a  stab  wound  to 
perforate  the  thoracic  and  abdominal  cavities  before  entering 
the  kidney.  The  upper  extremity  is  topped  by  the  supra-renal 
capsule  which  overlaps  the  visceral  surface  and  mesial  border. 
The  kidneys  are  inclined  downwards  and  outwards  {latero- 
caudad). 

The  anterior  surface  is  convex,  and  is  covered  with  peri- 
toneum, and  looks  somewhat  outwards  ;  t\\Q  posterior  surface  \s 
rather  flattened,  and  rests  on  the  anterior  layer  of  the  lumbar 
aponeurosis  and  psoas  magnus  ;  the  02cter  border  is  convex  and 
rounded ;  the  inner  border  presents,  about  its  middle,  a  deep 
notch  about  an  inch  {2.^  cm.)  in  length,  the  hilum,  leading  to 
a  hollow  in  the  kidney,  the  sinus,  for  the  entrance  and  exit  of 
the  renal  vessels  and  ureter,  the  nerves  and  lymphatics  ;  these 
have  the  following  relations  to  one  another :  in  front  lies  the 
renal  vein  ;  behind  is  the  ureter ;  between  them  is  the  renal 
artery ;  the  upper  end  is  large  and  thick,  and  looks  upwards 
and  inwards  or  cephalo-mesial,  and  superimposed  rests  its  corre- 
sponding supra-renal  capsule  ;  the  lower  end,  smaller  and  flatter 
than  the  upper  end,  looks  downwards  and  outwards,  caudo- 
laterad. 

The  kidney  is  surrounded  by  a  thin  fibrous  capsule  of  thick 
connective  tissue,  to  which  it  is  loosely  connected  by  areolar 
tissue  and  minute  vessels,  except  at  the  hilum ;  here  it  is 
reflected  inwards  and  becomes  continuous  with  the  walls  of  the 
renal  vessels  and  ureter.  The  capsule  can  be  readily  stripped 
off  when  healthy,  leaving  the  surface  perfectly  smooth.* 

A  longitudinal  section  should  be  made  through  the  kidney, 


*  Under  the  capsule  there  have  been  traced  unstriped  muscular  fibres  forming 
an  incomplete  layer. 
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from  the  outer  to  the  inner  border,  to  demonstrate  the  interior. 
This  section  displays  two  distinct  parts  —  an  outer  or  cortical 
portion,  and  an  tJiner  ox  medullary  portion. 

The  cortical  structure  is  deeper  in  color  than  the  medullary 
portion,  and  is  soft  and  easily  lacerated.     This  portion  forms 


Fig.  2IO.  —  Longitudinal  Section  of  the  Kj-dnuy  {Tyson,  after  Henle). 
I.   Cortex,     i" .   Labyrinth,     i'.   Medullary  Rays.     2.   Medulla.    2".    Boundary  layer  of  medulla. 
2'.   Papillary  portion  of  medulla.     3.   Transverse  section  of  tubules  in  boundary  layer.     4.   Fat 
of  renal  sinus.     *.   Transversely   coursing   medullary  rays.     5.   Artery.     C.   Renal   calyx.     U. 
Ureter.     A.    Branch  of  renal  artery. 

^  to  1  of  an  inch  (5  to  6  mm.)  of  the  outer  part  of  the  kidney, 
arching  over  the  bases  of  the  pyramids.  It  moreover  sends 
down  prolongations  between  the  pyramids  as  far  as  the  sinus, 
forming  the  septtila  renum  or  the  columns  of  Bertini.  The 
cortical  substance  consists  of  convoluted  and  straight  tubes, 
tubuli  tiriniferi,  of  little  reddish  granules  called  Malpighian 
bodies,  and  of  blood-vessels,  nerves  and  lymphatics  (Fig,  210). 
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The  inedullary  structure  is  composed  of  numerous  conical 
masses,  the  pyramids  of  JMalpighi,  having  their  bases  directed 
to  the  surface,  their  sides  in  relation  with  the  columns  of 
Bertini,  and  their  apices,  termed /rt////*^,  or  nimnillce,  projecting 
into  one  of  the  calices  of  the  ureter.  The  pyramids,  of  which 
there  are  from  eight  to  sixteen,  are  surrounded  by  the  cortical 
substance  ;  they  are  composed  of  minute  straight  tubules 
(which  proceed  from  the  cortical  portion  to  end  in  the  papillae), 
of  looped  tubes  described  by  Henle,  and  of  arteries  and 
veins.* 

At  the  hilum  is  the  dilated  commencement  of  the  ureter, 
called  the  pelvis  of  the  kidney.  It  is  funnel-shaped,  and  its 
broad  part  divides  into  three  principal  channels,  iufuudibula,  an 
upper  or  cephal,  middle  or  mesial,  and  lower  or  caudal,  which 
again  branch,  and  form  from  eight  to  twelve  cup-like  excava- 
tions, called  calices.  Into  each  of  these  calices  one,  some- 
times two  or  more  papillae  project.  Between  the  calices  the 
branches  of  the  renal  artery  ascend  to  ramify  in  the  kidney, 
lying  embedded  in  fat.  The  pelvis  and  the  calices  are  composed 
of  three  layers  —  an  external  or  cortical  fibrous  layer  continuous 
with  the  reflected  part  of  the  capsule  into  the  sinus  ;  a  mesial 
or  muscular,  consisting  of  longitudinal  and  circular  fibres,  the 
former  extending  nearly  as  far  as  the  calices,  the  latter  encir- 
cling the  calyx  around  the  papillae  ;  and  an  internal  intima,  or 
mucous  coat  reflected  over  the  papillae. 

Structure  of  the  Kidney.  — With  a  lens  each  papilla  may 
be  seen  to  be  studded  with  24  to  80  apertures,  which  are  the 
terminations  of  the  tubuli  nriniferi.  These  apertures  open 
into  the  bottom  of  about  twenty  shallow  depressions  on  a  papilla, 
C3\\(t^foveol(E.  The  orifices  are  from  Tc^oth  to  ji-^th  of  an  inch 
{200  to  JOO  /xf )  in  diameter.  These  tubes  as  they  pass  out  into 
the  pyramidal  structure  run  straight,  bifurcate  repeatedly  at 
very  acute  angles,  their  subdivisions  running  parallel,  and  reach 
the  bases  and  sides  of  the  pyramids,  from  which  they  pass  into 
the  cortical  substance,  greatly  increased  in  number.  These, 
termed  the  straight  or  collecting  tubes  (Fig.  2 12,0),  pass  into  the 


*  Each  pyramid  reprcKents  what  was,  in  the  early  stage  of  the  kidney's 
growth,  a  distinct  and  independent  lobe.  In  the  human  subject  the  lobes  gradu- 
ally coalesce,  and  no  trace  of  their  primordial  state  remains,  except  the  pyramidal 
arrangement  of  the  tubes.  P.ut  in  the  kidneys  of  the  lower  mammalia,  of  birds 
and  reptiles,  the  lobes  are  permanently  separate. 

t  /t,  micromillimeter. 


576 


MINUTE  STRUCTURE  OF  THE  KIDNEY. 


cortical  substance  still  as  straight  tubes,  the  central  ones  pass- 
ing nearly  to  the  surface,  the  outer  ones  being  very  short,  and 
only  run  a  short  distance  into  the  cortex,  so  that  they  are  ar- 


]^  and  14.  Straight  part 
of  collecting  tube. 

g.  Wavy  part  of  ascend- 
ing limb  of  Henle's 
loop. 

Inner  stratum    of  cortex 
without    Malpighian  ..\^ 
corpuscles. 


Sub-capsular    layer    without 
Malpighian  corpuscles. 


12.    First  part   of  collecting 

tube. 
II.  Distal  convoluted  tubule. 


i\.    A.   Cortex. 

10.  Irregular  tubule. 

3.  Proximal    convoluted   tu- 
bule. 

q.  Wavy   part   of    ascending 

limb. 
2.  Constriction  or  neck. 

4.  Spiral  tubule. 
I.  Malpighian  tuft  surrounded 

by  Bowman's  capsule. 


8.    Spiral  part  of  ascending 
limb  of  Henle's  loop. 


B.  Boundary  zone. 
5.  Descending  limb  of  Hen- 
le's loop-tube. 


7  and  8.  Ascending  limb    r 
of  Henle's  loop-tube. 


6.  Henle's  loop. 


15.  Discharging  tube.  '^ 


iC  C.  Papillary  zone. 

Fig.  211.  — Diagram  of  the  Course  of  two  Uriniferous  Tubules. 

ranged  as  a  series  of  cones,  with  their  apices  to  the  surface  of 
the  organ.  These  bundles  are  called  the  pyramids  of  Ferrein, 
or  the  med^dlary  rays,  and  receive  on  each  side  the  curved  ex- 
tremities of  the  convoluted  tubes,     We  find  the  cortical  sub- 
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Fi'i.  212.  —  Blood-vessels  and  Uriniferous  Tubules  of  the  Kidnf.y  (Semi-Diagrammatic). 

A.  Capillaries  of  the  cortex.  B.  Of  the  medulla,  a.  Interlobular  artery,  i.  Vas  afferens.  2. 
Va-s  efferens.  r.  e.  Va.sa  recta,  c.  Vena;  recta,  v.  v.  Ititerlobiilar  vein.  S.  Origin  of  a 
vena  Ktcllata,  cortical  vein.  i.  t.  Bowman's  capsule  and  glomerulus.  X.  X.  Convoluted 
tubules,  t.t.  Henle's  loop.  n.n.  Junctional  piece.  0.0,  Collecting  tubes.  O.  Excretory 
tube,  ' 
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stance  is  arranged  between  and  around  these  medullary  rays, 
which,  from  the  intricate  arrangement  of  its  tubes,  receives  the 
name  of  the  labyrinth  of  the  cortex. 

Each  uriniferous  tubule  commences  in  a  dilated  extremity, 
termed  the  MalpigJiian  capsule  {SOO/j)  (Fig.  211,  i),  in  which  is 
enclosed  an  arterial,  vascular  tuft,  the  MalpigJiian  tuft,  of  about 
ji^th  of  an  inch  in  diameter,  and  is  visible  to  the  nak-ed  eye  as 
a  minute  red  point.  At  the  point  of  union  of  the  tubule  with 
the  capsule  it  presents  a  narrow  portion,  called  the  neck  (2), 
beyond  which  the  tubule  becomes  convoluted  for  a  considerable 
distance,  forming  t\\Q  frst  ox  pivximal  convoluted  ttibe  (j)).  As 
it  descends  toward  the  medullary  ray,  the  tubule  becomes  nearly 
straight,  but  having  a  slight  spiral  tendency  :  this  portion  of  the 
tube  is  termed  the  spiral  tiibnle  (4)  (Schachowa).  The  tubule 
now  enters  the  medullary  portion,  narrowing  very  suddenly  in 
its  calibre,  and  descends  towards  the  apex  of  the  pyramid,  con- 
stituting the  descending  limb  of  Henle's  loop  (5).  The  tubule 
here  bends  upon  itself,  forming  a  loop,  the  loop  of  Hcjile  (6), 
and  ascends  to  re-enter  the  cortical  substance  as  the  ascending 
limb  of  Henle's  loop  (7),  which  is  larger  than  the  descending 
limb.  On  passing  out  of  the  medullary  ray  of  the  cortical  por- 
tion the  tubule  becomes  irregularly  dilated,  and  takes  the  name 
of  the  irregidar  tnbnle  (8,  9)  ;  this  is  continued  on  into  another 
convoluted  portion,  called  the  second,  irregidar  or  distal  con- 
vohUed  tnbnle  (10,  ii),  which,  before  entering  the  straight  tube, 
becomes  much  narrowed  and  curved,  called  the  primitive  col- 
lectijig  ox  junctional  tubule.  We  have  thus  traced  the  straight 
tubes  from  their  termination  at  the  papillae  to  their  commence- 
ment at  the  pyramids  of  Ferrein,  and  have  also  traced  the  con- 
voluted tubules  from  their  origin  in  the  Malpighian  capsules 
to  their  junction  with  the  commencement  of  the  straight  tubes. 

The  tubuli  uriniferi  consist  of  a  basement  membrane  lined  with  epithelium, 
which  varies  in  the  different  parts  of  the  tubuli.  The  capside  is  lined  with  flat- 
tened cells,  having  oval  nuclei;  the  neck  (Fig.  213,  II.)  has  cubical  epithelium;  the 
first  convoluted  ttibide  is  lined  with  polyhedral  epithelium,  presenting  numerous 
rod-like  processes,  resting  at  one  end  on  the  basement  membrane,  while  the  other 
extends  towards  the  lumen  of  the  tubule,  and  thus  presents  the  appearance  of 
striation;  the  sph'al  tjibe  of  SchacJi07va  has  similar  epithelium;  the  descending  limb 
is  lined  with  flattened  epithelium,  like  that  in  the  capsule ;  the  ascending  limb  pre- 
sents epithelium  similar  to  that  found  in  the  first  convoluted  and  spiral  portion  of 
the  tubule,  although  smaller  and  with  shorter  rod-like  processes ;  the  it-regular 
tnbnle  is  furnished  "with  the  rod-like  cells  of  unequal  length,  which,  however, 
render  the  lumen  more  unifonn  ;  the  second  convoluted  tnbnle  has  epithelium  some- 
what like  that  of  the  first  convoluted  tubule,  but  having  long  cells  with  large 
nuclei,  and  possessing  high  refractive  properties;  'Cao.  ctirved  ox  junctional  tubule 


MINUTE  STRUCTURE  OF  THE  KIDNEY. 


579 


has  a  large  lumen,  and  is  lined  by  angular  or  fusiform  cells  with  short  processes  ; 
the  collecting  or  straight  tubes  are  lined  with  cubical  epithelium,  which  in  the  larger 
tubes  becomes  distinctly  columnar. 

The  renal  artery  enters  the  hilum  between  the  pelvis  and  the  renal  vein.  It 
shortly  divides  into  four  or  five  branches,  which  pass  outwards  between  the 
papilla;,  and  then  enter  the  cortical  portion  between  the  pyramids.  From  these 
there  pass  to  each  Malpighian  pyramid  two  branches,  which  ascend  along  its  sides 
as  far  as  its  base,  distributing  in  their  course  small  vessels  which  pass  to  the  Mal- 
pighian capsules.  At  the  base  of  the  pyramid  they  form  arches,  and  make  a 
bend  from  which  two  sets  of  branches  are  given  off,  the  interlobular  arteries  and 
the  arteriolar  rectK  (Fig.  212,  r.  e.). 

The  interlobular  arteries  {a)  pass  off  at  right  angles  between  the  medullary 
rays,  and  then  run  amongst  the  convoluted  tubes,  some  to  enter  the  Malpighian 
capsules,  and  others  to  reach  the  surface  and  supply  the  capsule,  ending  in  the 
stellate  veins  beneath  the  capsule.  The  arteriole  which  passes  to  the  Malpighian 
capsule  is  termed  the  afferent  vessel  (i),  and,  entering  the  dilated  extremity  of  the 


Fig.  213.  —  II.  Bowman's  Capsule  and  Glomerulus. 
Vas  afferens.    e.  Vas  efferens.     c.   Capillary  network  of  the  cortex,     k.   Endothelium  of  the 
capsule,     h.   Origin  of  a  convoluted  tubule.     III.   "  Rodded  "  cells  from  a  convoluted  tubule 
—  2,  seen  from  the  side,  with  jg-,  inner  granular  zone.     i.    From  the  surface.     IV.   Cells  lining 
Henle's  looped  tubule.     V.   Cells  of  a  col'«cting  tube.     VI.    Section  of  an  excretory  tube. 


uriniferous  tube,  breaks  up  into  a  number  of  convoluted  capillary  vessels,  constitut- 
ing the  glomerulus  of  Malpighi.  The  blood  is  returned  from  the  glomerulus  by  a 
small  efferent  vein,  which  emerges  from  the  capsule  close  to  the  entrance  of  the 
artery.  This  vein  (2),  after  a  short  course,  breaks  up,  like  an  artery,  into  a  dense 
network  of  capillaries,  which  ramify  over  the  convoluted  tubules  [v.  v.).  Some 
of  the  veins  from  the  lower  glomeruli  break  up  into  straight  vessels,  and  then  pass 
from  the  medullary  rays  into  the  pyramid. 

The  arteriolfE  rectcE  are  destined  for  the  supply  of  the  Malpighian  pyramids, 
entering  them  at  their  bases,  and  then  passing  downwards  to  their  apices,  where 
they  join  the  venous  plexuses. 

The  Afalpighian  bodies  are  small  red  granular  masses  about  lioth  of  an  inch 
in  diameter,  and  are  only  found  in  the  cortical  substance.  Each  is  composed  of 
the  dilated  commencement  of  a  uriniferous  tube  forming  the  Afalpigliian  capsule, 
containing  within  it  a  coil  of  small  blood-vessels  called  the  Malpighian  tuft  or 
glomerulus.  The  capsule  is  composed  of  a  homogeneous  membrane,  and  is 
pierced  by  a  small  artery,  afferent  vessel,  which  enters  it  opposite  the  commence- 
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ment  of  the  urinary  tubule.  In  the  capsule  the  artery  breaks  up  into  a  coil  of 
minute  blood-vessels,  glomerulus,  and  returns  its  blood  by  a  vein,  efferent  vessel, 
which  emerges  from  the  capsule  close  to  where  the  artery  entered.  The  capil- 
lary plexus  within  the  capsule  is  surrounded  by  the  epithelium  lining  the  interior 
of  the  capsule.* 

The  retial  veins  return  the  blood  from  three  sources :  from  the  veins  situated 
beneath  the  capsule  (Fig.  212,  S.),  and  those  corresponding  to  the  interlobular 
arteries  which  pass  between  the  medullary  rays  {v.  v.),  and  at  the  bases  of  the 
Malpighian  pyramids  join  the  venae  rectas  {c)  ;  the  vense  recta;  return  the  blood 
from  the  arteriole  rects,  and  begin  in  plexuses  at  the  apices  of  the  pyramids ; 
they  then  pass  outwards  between  the  tubuli  recti,  and  join  the  interlobular  veins 
to  form  the  proper  renal  veuis ;  these  pass  down  along  the  sides  of  the  Mal- 
pighian pyramids,  accompanied  by  their  corresponding  arteries,  and  in  their  course 
to  the  sinus  receive  the  efferent  veins  from  the  adjacent  cortical  substance.  At 
the  sinus  they  communicate  freely  -with  each  other  and  join  to  form  the  renal 
vein. 

The  nerves,  about  fifteen  in  number,  forming  the  renal  plexus,  are  derived  from 
the  lesser  and  smallest  splanchnic  nerves,  the  solar  plexus,  and  the  semilunar 
ganghon. 

The  lymphatics,  consisting  of  a  deep  and  a  superficial  set,  pass  to  the  lumbar 
glands. 

Supra-renal  Capsules.  — These  bodies,  situated  at  the  top 
of  or  cephalad  to  the  kidneys,  are  below  or  caudo-ventrad  to  the 
diaphragm,  and  anterior  or  ventrad  to  the  tenth  rib  or  eleventh 
intercostal  space,  and  separated  from  each  other  about  two  and 
a  half  inches :  they  belong  to  the  class  of  ductless  glands. 
They  are  of  yellow-ochre  color ;  the  right  is  triangular,  and  re- 
sembles a  cocked  hat ;  the  left  is  more  almond-shaped  and  rather 
the  larger  of  the  two.  They  measure  about  an  inch  and  a  half 
{right,  J.8  cm.  ;  left,  5  cm.)  in  their  long  diameter,  about  three- 
quarters  {right,  18  mm.  ;  left,  2.^  cm.)  in  breadth,  and  ^  to  i  of 
an  inch  {4  to  6  mm.)  in  thickness  ;  they  weigh  from  one  to  two 
drachms  f  {4  to  8  gm.).  The  gland  is  surrounded  by  connective 
tissue  and  fat,  and  is  invested  by  a  thin  fibrous  covering,  which 
sends  down  partitions  into  the  interior  through  furrows  on 
their  surface. 

A  perpendicular  section  shows  that  it  consists  of  a  firm 
exterior  or  cortical  part,  and  of  an  interior  or  medullary  sub- 
stance, soft  and  pulpy. 

*  Histologists  differ  with  respect  to  the  disposition  of  the  epithelium  over  the 
glomerulus ;  some  assert  that  it  has  no  epithelial  covering,  but  that  it  hangs  loose 
with  the  capsule;  some,  that  the  tuft  is  completely  invested  with  epithelium, 
except  where  the  afferent  and  efferent  vessels  pass  in  ;  others,  again,  that  only  that 
portion  of  the  glomerulus  which  looks  towards  the  neck  of  the  tubule  is  covered 
with  epithelium. 

t  Many  authors  give  a  much  larger  weight,  varying  from  7  gm.  (two  drachms) 
to  19  gm.  (five  drachms)  ;  the  gland  is  larger  in  young  adolescence,  but  atrophies 
in  old  age.  —  A.  H. 
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The  cortical  portion  is  of  a  yellow  color  and  forms  the  principal  part  of  the 
organ.  It  consists  of  parallel  columns  arranged  perpendicularly  to  the  surface, 
due  to  the  capsule  sending  processes  into  the  interior  of  the  gland,  which  com- 
municate at  frequent  intervals  by  transverse  bands.  l«here  are  thus  formed 
numerous  spaces  which  communicate  with  each  other ;  the  spaces  at  the  surface 
are  smaller,  while  those  towards  the  centre  are  longer ;  the  section  through  the 
cortex  gives  the  appearance  of  a  fine  network,  the  external  portion  taking  the 
name  of  the  zona  glomernlosa,  the  internal  portion  that  of  the  zona  reticula?-is, 
the  intermediate  portion  that  of  the  zona  fascicnlata.  The  reticular  tissue  is  made 
up  of  fibrous  tissue  with  longitudinal  bundles  of  unstriped  muscular  tissue. 

The  medulliiry  portion  varies  in  color  according  to  the  amount  of  blood  con- 
tained in  it,  being  sometimes  a  dark-brown  color,  sometimes  nearly  white.  Not 
infrequently  the  medullary  part  is  converted  into  a  cavity,  but  this  is  probably  a 
post-mortem  change.  It  consists  of  a  plexus  of  minute  veins,  supported  by  the 
delicate  areola  tissue  containing  muscular  fibres,  and  presents  a  reticular  aspect. 
Among  these  are  numerous  granular  and  branched  cells.* 

The  arteries  to  the  gland  are  conveyed  along  the  trabecular  tissue,  and,  after 
supphing  the  gland-tissue,  converge  to  the  centre,  where  the  blood  is  returned 
into  the  venous  plexuses  in  the  medullary  portion.  They  are  derived  from  the 
abdominal  aorta,  the  phrenic  and  the  renal  arteries.  The  vein  begins  in  the 
centre  as  a  single  vessel,  and  joins,  on  the  right  side,  the  inferior  vena  cava,  and 
on  the  left  side  the  left  renal  vein. 

The  lymphatics  terminate  in  the  lumbar  glands. 

The  nerves  are  derived  from  the  solar  and  renal  plexuses,  and  in  them  are 
found  numerous  ganglia.  They  are  distributed  chiefly  to  the  medullary  portion.! 
Of  late  years  the  minute  structure  and  functions  of  the  supra-renal  capsules  have 
been  much  investigated,  in  consequence  of  the  discovery  made  by  Dr.  Addison, 
of  the  close  relation  which  exists  between  certain  diseases  in  these  bodies  and  a 
brown  discoloration  of  the  skin.     Their  precise  function  is  still  unknown. 

Stomach  and  Intestines. —  The  alimentary  canal  is  com- 
posed of  four  coats  :  a  serous,  a  muscular,  a  submucous,  and  a 
mucous.  First,  is  the  serous  or  peritoneal  coat,  described  at 
p,  457.  Secondly,  under  the  serous  is  a  muscular  coat,  upon 
which  the  chief  strength  of  the  canal  depends.  It  consists 
of  two  distinct  strata  of  plain  muscular  fibres;  the  outer  or 
cortical  stratum  is  longitudinal,  the  inner  or  mesial  circular. 
The  arrangement  not  only  makes  the  bowel  stronger,  but 
regulates  its  peristaltic  action,  for  the  longitudinal  fibres,  by 
their  contraction,  tend  to  shorten  and  straighten  the  tube, 
while  the  circular  fibres  contract  upon  and  propel  its  contents 
to  greater  advantage.  Connecting  this  coat  and  the  mucous, 
is  a  layer  of  areolar  tissue  called  the  submucous  coat,  in  which 
the  arteries  break  up  before  entering  the  mucous  membrane. 
The   mucous  is  the  most   complicated  of  all  the  coats,  for  it 

*  The  medullary  cells  are  stained  a  deep  brown  color  on  the  addition  of 
bichromate  of  potash,  the  cortical  cells  being  scarcely  affected  by  it. 

t  I.usrhka  stales  that  the  branched  granular  cells  of  the  medullary  portion  are 
connected  with  the  nerve-fibres. 
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presents  different  characters  in  different  parts,  according  to  the 
functions  which  it  has  to  perform. 

Stomach.  —  The  stomach  should  be  moderately  distended  to 
see  its  size,  which  varies  in  different  subjects  according  to  the 
habits  of  the  individual.  When  distended,  an  average  stomach 
would  be  about  ten  or  twelve  inches  {2^  to  JO  cm.)  in  length,  and 
four  [10  cm!)  in  depth  and  width  ;  its  weight  is  stated  to  be 
about  four  and  a  half  ounces  {about  IJO  gm.)  {capacity  6}^  lbs. 
or  J.^kilgm.).  It  is  conical  in  shape;  the  left  part  forms  a  large 
bulge  called  the  cardiac  or  splenic  end ;  and  on  the  right  side 
where  the  food  passes  out  it  becomes  small  and  contracted,  and 
is  called  the  pyloric  end.  The  stomach  presents  for  examination 
two  surfaces,  two  borders,  two  ends,  and  two  orifices. 

Topography  of  the  Stomach.  —  It  is  placed  mesially  in 
the  abdominal  cavity  :  in  frofit  or  ventrad  to  it  are  the  abdomi- 
nal wall,  diaphragm,  and  liver  ;  above  or  cepJialad  to  it  are  the 
gastro-hepatic  omentum,  liver,  and  diaphragm  ;  below  or  caudad 
to  it  are  the  great  omentum,  transverse  colon,  and  gastro- 
splenic  omentum  ;  and  behind  or  dorsad  to  it  are  the  transverse 
meso-colon  (always  in  children),  pancreas,  solar  plexus,  great 
vessels,  spleen,  left  kidney,  supra-renal  capsule  and  crura.  The 
cardiac  end  is  on  a  level  with  the  sixth  chondro-sternal  joint, 
being  necessarily  above  and  behind  or  cephalo-dorsad  to  the 
heart  apex.  The  cardiac  orifice  is  dorsad  to  the  seventh  left 
costal  cartilage  about  one  inch  {2.^  cm.)  from  the  sternum,  and 
ventrad  to  the  tenth  and  eleventh  thoracic  vertebrae.  The 
pyloric  end  is  nearer  the  ventral  abdominal  wall,  but  on  a  lower 
or  caudal  plane  than  the  cardiac  end,  being  posterior  or  dorsad  to 
a  line  drawn  at  the  junction  of  the  seventh  ribs  with  their  carti- 
lages and  two  or  three  inches  (5  or'J.^  cm.)irom.  the  sterno-xiphoid 
joint,  and  also  ventrad  to  the  twelfth  thoracic  spine.  —  A.  H. 

The  anterior  surface  is  convex,  and  looks  upwards  and  for- 
wards, cephalo-ventrad  ;  the  posterior  surface  looks  downwards 
and  backwards,  caudo-dorsad. 

The  7Lpper  border  or  the  lesser  cnrvatw'e  is  concave  and  short, 
and  extends  from  the  oesophagus  to  the  pylorus  ;  it  is  con- 
nected to  the  liver  by  the  gastro-hepatic  omentum.  The  lower 
border  or  the  greater  cnrvature  is  convex,  and  affords  attach- 
ment to  the  great  omentum. 

The  left  end  is  the  larger,  and  is  called  the  cardiac  or  splenic 
end :  it  bulges  out  to  the  extent  of  two  or  three  inches  (5  to 
7.5  cm!)  to  the  left  of  the  entrance  of  the  oesophagus,  and  is 
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called  the  great  cul-de-sac  or  fundus.  The  7-ight  end  is  narrow, 
and  makes  a  double  bend ;  near  the  first  it  bulges  into  a  pouch, 
called  the  antrum  pylori,  or  the  small  cul-de-sac. 

The  cesophageal  or  cardiac  orifice,  situated  at  the  highest  part\ 
of  the  stomach,  is  on  the  left,  and  receives  the  oesophagus  ;  the 
pyloric  orifice    is    continued   on 
into  the  duodenum,  and  is  nar- 
row, being  guarded  by  a  mus- 
culo-mucous  ring,  Xh^  pylorus.* 

The  stomach  is  connected  at 
its  borders  by  peritoneal  folds 
extending  to  neighboring  struc- 
tures ;  thus,  its  lesser  curve  is 
connected  with  the  transverse 
fissure  of  the  liver  by  the  gastro- 
hepatic  or  lesser  omentum  ;  its 
cardiac  end  is  connected  with 
the  hilum  of  the  spleen  by  the 
gastro-splenic  omentum  ;  to  the 
left  of  the  oesophagus  it  is  con- 
nected with  the  diaphragm  by 
the  gastro-phrenic  ligament ;  to 
its  greater  curve  is  attached  the 
great  omentum,  which  is  con- 
tinuous on  the  left  side  with 
the  gastro-splenic  omentum. 

The  pylorus  is  the  narrow  cir- 
cular ring,  composed  of  circular 
muscular  fibres  and  mucous 
membrane,  through  which  the 
food  passes  into  the  duodenum. 

The  serous  and  longitudinal  muscular  fibres  take  no  part  in  its 
formation,  being  continued  over  it  on  to  the  duodenum. 

The  stomach  consists  of  four  coats  :  serous,  muscular,  sub- 
mucous, and  mucous. 

The  serous  or  peritoneal  coat  covers  the  surface  of  the 
stomach,  except  at  the  borders,  where  the  peritoneum  is  continued 

*  The  position  of  the  stomach  within  the  abdomen,  and  its  relations  with  sur- 
rounding structures,  are  matters  of  much  dispute.  Dr.  Lesshaft  has  come  to  the 
conclusion  that  the  stomach  is  nearly  vertical,  so  that  its  fundus  touches  the  dia- 
phragm (See  Lancet,  March  11,  1882,  p.  406).  His,  and  most  anatomists,  are  of 
opinion  that  the  long  axis  is  placed  obliquely  from  left  to  right  within  the 
abdomen. 
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Fig.  214. — Vertical  Section  of  the  Wall 
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as  omenta  to  other  organs  ;  it  is  along  these  borders  that  the 
vessels  run. 

The  musctdar  coat  can  be   seen  when  the    serous    coat    is 
removed.     The  fibres  are  of  the  unstriped  variety,  and  arranged 


Fig.  215.  —  Vertical  Section  of  the  Gastric  Mucous  Membrane,  g;  g.  Pits  on  the  sur- 
face. /.  Neck  of  a  fundus-gland  opening  into  a  duct,  g,  x.  Parietal,  and  j/,  chief  cells.  a,v,c. 
Artery,  vein,  capillaries,     d,  d.  Lymphatics,  emptying  into  a  large  trunk,  e. 

in  three  layers  :  an  external  or  longitudinal,  a  middle  or  circular, 
and  an  internal  or  oblique. 

The  loiigitiidinal  fibres  are  continuous  with  the  longitudinal 
fibres  of  the  oesophagus,  and  spread  out  over  the  stomach,  being 
most  numerous  along  the  curvatures  of  the  stomach  ;  they  are 
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at  the  pyloric  end  continuous  with  the  longitudinal  fibres  of 
the  duodenum.  The  ciradar  fibres  "^x^  \vq)\  marked  about  the 
middle  of  the  stomach,  but  are  most  abundant  at  the  pylorus, 
where  they  form  a  powerful  sphincter. 

The  oblique  fibres  are  scattered  over  the  sides  of  the  stomach, 
and  are  most  distinct  at  the  entrance  of  the  oesophagus,  cross- 
ing obliquely  from  left  to  right  and  from  right  to  left.  They  are 
continuous  with  the  well-marked  circular  fibres  of  the  oesophagus. 

The  submucoiis  coat  serves  to  connect  the  muscular  with  the 
mucous  coats.  It  consists  of  areolar  tissue,  and  permits  the 
muscular  and  mucous  coats  to  move  freely  on  each  other,  and 
allows  the  blood-vessels  to  ramify  minutely  before  they  enter 
the  mucous  membrane. 

When  the  stomach  is  laid  open  from  the  oesophageal  to  the  pyloric  orifice,  the 
mucous  mcftibi-aiie  is  seen  to  be  thick,  of  pale-pink  or  straw  color,  and  is  gathered 
into  longitudinal  folds  —  rugce — which  disappear  when  the  stomach  is  distended. 

If  a  portion  of  the  mucous  membrane  be  examined  under  the  microscope,  its 
surface  will  be  seen  to  be  mapped  out  into  small  hexagonal  pits  or  alveoli,  sur- 
rounded by  ridges,  giving  it  a  honeycombed  appearance.  At  the  bottom  of  them 
are  a  number  of  minute  apertures,  the  orifices  of  the  gastric  follicles.  In  a  perpen- 
dicular section  the  follicles  are  arranged  in  parallel  lines  at  right  angles  to  the 
surface,  and  terminate  in  blind  sacculated  ends  set  in  the  subnmcous  tissue.  The 
entire  thickness  of  the  mucous  membrane  is  made  up  of  these  tubular  glands. 
The  follicles  consist  of  two  kinds,  ^niicous  and  peptic  glands.  Tubular  in  shape, 
they  have  a  basement  membrane  lined  with  epithelium,  and  average  about  Ath  of  an 
inch  long,  and  iSsth  of  an  inch  in  diameter.  The  mucous  glands  are  found  over  the 
whole  surface,  but  are  most  numerous  at  the  pyloric  end  of  the  stomach.  They 
are  composed  of  tubes,  each  consisting  of  two  or  three  short  tubules,  opening  into 
a  common  duct,  which  itself  opens  into  the  bottom  of  an  alveolus.  They  are  lined 
with  columnar  epithelium,  continuous  with  that  lining  the  mucous  membrane. 
The  peptic  glands  are  also  found  over  the  entire  surface  of  the  mucous  membrane, 
and  consist  of  tubules  with  branched  cascal  extremities  opening  into  a  common 
duct,  which  is,  however,  shorter  than  that  of  a  mucous  gland.  They  are  lined 
with  columnar  epithelial  cells,  called  the  central  cells,  and  are  supposed  to  be  con- 
cerned in  the  secretion  of  the  gastric  juice;  these  cells  become,  at  the  neck  of  the 
gland,  much  shorter  and  more  granular.  The  lumen  of  the  gland  is  very  small, 
but  Ls  somewhat  larger  at  the  free  and  the  cascal  ends  than  in  the  middle.  Toward 
the  lower  part  or  fundus  of  the  gland  there  are  found  spheroidal  and  granular  cells 
between  the  epithelium  and  the  basement  membrane,  called /rt';-;V/(//  cells. 

In  the  stomachs  of  young  children  there  is  a  large  amount  of  lymphoid  tissue 
found  between  the  gastric  glands.  It  is  aggregated  into  small  masses  in  the  mu- 
cous membrane,  and  resembles,  in  many  respects,  the  solitary  glands  of  the  intes- 
tine, although  not  so  well  defined. 

The  mucous  membrane  of  the  stomach  is  lined  by  columnar  epithelium,  which 
al.so  extends  into  the  glands.  A  thin  layer  of  unstriped  muscular  tissue  (mu.scula- 
ris  mucos.x-)  is  found  between  the  mucous  membrane  and  its  submucous  tissue, 
varying  in  amount  and  in  the  number  of  its  layers. 

The  glands  of  the  .stomach  are  richly  supplied  with  blood,  which  is  derived  from 
the  gastric,  the  vasa  brevia,  the  right  and  left  ga.stro  epiploica,  and  the  pyloric 
arteries.  The  arteries  form  a  stratum  of  minute  inosculations  in  the  submucous 
ti.ssue,  in  which  the  closed  ends  of  the  tul>es  are  set ;  from  this  stratum  the  capil- 
lary plexuses  run  up  between  the  tubes  to  the  surface  of  the  .stomach,  where  they 
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again  form  a  larger  capillary  plexus,  and  form  the  hexagonal  spaces  before  alluded 
to.  The  vehis,  corresponding  to  the  pyloric  and  gastric  arteries,  end  in  the  vena 
portse  ;  those  corresponding  with  the  vasa  brevia  and  the  epiploic  arteries  open 
into  the  splenic  vein. 

The  lymphatics  enter  the  glands  along  the  lesser  and  greater  curvatures  of  the 
stomach,  and  may  be  divided  into  a  superficial  and  a  deep  set. 

The  nerves  are  derived  from  the  pneumogastric  nerves  and  from  the  solar 
plexus. 

Small  Intestine. — The  small  intestine,  consisting  of  the  du- 
odenum, jejunum,  and  ileum,  forms  a  tube  averaging  twenty 
feet  in  length,  which  gradually  lessens  in  calibre  until  it  opens 
into  the  caecum.  The  duodenum  is  about  twelve  fingers' 
breadth  {10  inches  or  2^  cm.,  ajid  two  inches  or ^  cm.  in  diameter) 
in  length,  whence  its  name;  the  jejunum  comprises  two-fifths, 
the  ileum  three-fifths,  of  the  remaining  part  of  the  small  intes- 
tine. As  regards  their  external  or  cortical  characters,  the 
duodenum  and  jejunum  are  more  vascular  than  the  ileum,  and 
feel  thicker  in  consequence  of  the  peculiar  arrangement  of  their 
mucous  membrane ;  but  there  are  no  defined  limits  between  the 
different  portions  of  the  intestinal  canal. 

Its  coats  are  four  in  number  :  serous,  muscular,  submucous, 
and  mucous.  The  serous  coat  consists  of  peritoneum,  and  forms 
a  complete  investment,  except  in  the  case  of  the  descending, 
transverse,  and  second  ascending  portions  of  the  duodenum, 
which  are  only  partly  covered. 

The  muscular  coat  consists  of  an  outer  longitudinal  layer  and 
an  inner  circular  thicker  layer,  which,  however,  becomes  thinner 
towards  the  end  of  the  ileum. 

The  submucous  coat  connects  the  muscular  and  mucous  coats  ; 
immediately  beneath  the  mucous  membrane  there  is  a  very  thin 
layer  of  non-striped  muscular  fibres,  termed  muscularis  mucosce. 

The  mucous  coat  can  only  be  seen  when  the  intestine  is  cut 
open  from  the  upper  end,  and  is  composed  of  the  following 
strata :  the  muscularis  mucosae,  a  layer  of  retiform  tissue  with 
lymph  corpuscles,  with  blood-vessels  and  nerves ;  and,  lastly,  a 
layer  of  columnar  epithelium. 

When  the  intestine  is  laid  open  we  see  that  the  mucous  membrane  is  arranged 
in  close  transverse  folds,  called  vahndcs  coimiventes  or  valves  of  Kerkritig.  These 
differ  from  other  folds  in  the  alimentary  canal  —  e.g.,  in  the  oesophagus  and  stomach 
—  in  that  they  are  not  obliterated  when  the  tube  is  distended.  Each  fold  extends 
about  one-half  or  two-thirds  round  the  intestine,  but  they  are  not  all  of  equal  size, 
and  are  about  one-third  of  an  inch  {8  mm)  in  depth.  They  commence  immedi- 
ately below  the  opening  of  the  biliary  and  pancreatic  ducts,  and  are  most  devel- 
oped in  the  duodenum  and  the  upper  part  of  the  jejunum.  Below  this  part  of  the 
tube  they  gradually  decrease  in  size,  and  become  wider  apart,  till  they  finally  dis- 
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appear  near  the  middle  of  the  ileum.  The  use  of  the  valvulce  conniventes  is  to 
increase  the  extent  of  suiiace  for  the  absorption  of  chyle,  to  prevent  the  food 
passing  too  rapidly  through  the  intestine,  and  for  secretion. 

.  If  a  portion  of  small  intestine  be  washed  and  placed  in  water,  the  surface  of  the 
mucous  membrane  appears  like  the  soft  fur  or  pile  upon  velvet.  This  appearance 
is  produced  by  small  processes  called  villi.  These  are  extremely  vascular  pro. 
jections  of  the  mucous  membrane,  about  ss  of  an  inch  (.j  mm.)  in  length,  and  are 
so  numerous  that  A  of  an  inch  {2  mm.)  square  contains  from  forty  to  ninety  of 
them.*  Their  size,  however,  and  their  number,  bear  a  direct  ratio  to  those  of  the 
valvulae  conniventes.  Under  the  microscope  a  villus  is  seen  to  consist  of  an 
outstanding  process  of  the  niucous  membrane,  covered  by  a  layer  of  columnar 
epithelium,  which  rests  upon  a 
basement  membrane.  Each  villus 
is  furnished  with  an  artery  which 
forms  a  network  of  inosculations 
in  it,  and  then  returns  its  blood  by 
a  single  vein.  Down  its  middle 
runs  a  lacteal  or  absorbing  vessel, 
which  commences  in  a  closed  end 
near  the  summit  of  the  villus, 
where  it  is  surrounded  by  a  layer 
of  pale  non-striped  muscular  fibres 
proceeding  from  the  mitsatlaris 
mucoscB.  This  is  surrounded  by  a 
plexus  of  capillaries,  external  to 
which  is  the  basement  membrane 
supporting  columnar  epithelium. 
Forming  the  matiix  of  the  villus  is 
a  fine  network  enclosing  large  flat- 
tened cells  with  oval  nuclei  and 
lymph  cells. 


Intestinal  Glands. — 
There  are  four  kinds  of 
glands  f  in  the  small  intes- 
tine, called  the  glands  of 
Lieberkiihn,  Brunner, 
Peyer,  and  the  solitary 
glands.  The  first  and  last  are  distributed  over  the  whole  tract 
of  the  intestinal  mucous  membrane  ;  the  other  two  over  par- 
ticular parts. 


Serous  coat. 

Fig.  216.  —  Vertical  Section  of  the  Duodenum. 
E.    Epithelium,      c  and  /.   Circular  and  longitudinal 

muscular    fibres.       L.    g.    Lieberkiihn 's    glands. 

B.    g.    Brunner's    glands.      g.     Ganglion    cells. 

V.  Villi. 


The  simple  follicles  or  crypts  of  Lieberkiihft,  the  most  numerous  of  all,  are 
minute  tubes  with  blind  ends,  very  thickly  distributed  over  the  small  and  the  large 
intestines.  Under  the  microscope  their  orifices  are  seen  between  the  villi  like  so 
many  minute  dots.  Their  average  length  is  .j6  771m.  ;  their  walls  consi.st  of  a  deli- 
cate basement  or  endothelial  membrane,  and  are  lined  with  columnar  ejjithelium. 

The  duode7tal  or  gla7ids  of  Brtm/ter  are  found  only  in  the  duodenum  and  a 
small  part  of  the  beginning  of  the  jejunum.     They  are  just  visible  to  the  naked 

*  Krause  estimates  the  total  number  of  villi  at  four  millions. 

t  A  satisfactory  examination  of  the  intestinal  glands  can  be  made  only  in 
sp';rimens  quite  recent,  taken  from  young  persons  who  have  died  suddenly,  or 
from  a  rapidly  fatal  disease. 
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eye,  and  may  be  seen  by  removing  the  muscular  coat.     Their  structure  exactly 
resembles  the  round  compound  glands  of  the  mucous  membrane  of  the  mouth. 

The  glands  of  Peyer  (glandules  agminafa:)  abound  most  in  the  ileum,  and  are 
seen  most  distinctly  in  children.  They  are  arranged  in  groups,  from  twenty  to^ 
forty  in  number,  on  that  part  of  the  intestine  most  distant  from  the  attachment  of 
the  mesentery.  These  groups  are  from  half  an  inch  to  three  inches  (/j  m7?i. 
to  7.5  c??i.)  long,  and  one  inch  {2.J  cm.)  in  width,  of  an  oval  form,  and  increase 
in  size  and  number  towards  the  lower  part  of  the  ileum.  If  a  group  be  examined 
by  dissecting  away  the  muscular  coat,  you  find  that  it  is  composed  of  a  number  of 
small  oval  vesicles,  like  Florence  flasks,  embedded  in  the  submucous  tissue.  They 
are  composed  of  masses  of  lymphoid  tissue,  of  about  xs  of  an  inch  (7.7  mm.)  in 
diameter,  and  contain  an  opaque  grayish  fluid.     No  excretory  ducts  have  been 


Cylindrical  epithelium. 


Capillary. 


Artery  , 


Disc  on  the  epitholium. 


Vein. 


Fig.  217.  —  Injected  Blood-vessels  of  a  Villus. 


traced  from  these  vesicles,  but  they  are  supposed  to  discharge  their  contents  by 
rupture  of  their  capsules.  Between  the  vesicles  are  found  Lieberkiihn's  follicles, 
and  the  surface  of  the  patches  is  covered  with  villi.  These  glands  are  liable  to 
be  ulcerated  in  typhoid  fever.     They  diminish  in  number  and  size  with  old  age. 

The  solitajy  glands  are  scattered  over  all  parts  of  the  small  and  large  intes- 
tines. They  consist  of  the  same  lymphoid  structure  as  the  glands  of  Peyer,  and 
only  differ  from  them  in  being  solitary  instead  of  being  aggregated  into  groups. 

The  lymphatics  consist  of  two  sets — those  of  the  muscular,  and  those  of  the 
mucous  coats ;  the  latter  receive  those  from  the  villi,  at  the  base  of  which  they 
form  a  minute  plexus,  and,  after  piercing  the  muscular  coat,  join  with  the  former, 
which  are  chiefly  found  between  the  longitudinal  and  the  circular  layers  of  mus- 
cular fibres. 

The  nerves  are  derived  from  the  superior  mesenteric  plexus,  and  accompany 
the  superior  mesenteric  artery  and  its  branches  between  the  layers  of  the  mesentery; 
after  reaching  the  intestinal  walls  the  nerve-filaments  separate  from  the  arteries. 
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They  then  pierce  the  external  longitudinal  muscular  fibres,  and  form  a  very  minute 
gangliated  plexus  —  Au£?-bach's  plexus.,  or  plexus  mesenlericus  —  which  distributes 
filaments  to  the  muscular  layer  of  the  entire  intestinal  canal.  From  this  plexus 
numerous  branches  perforate  the  internal  circular  muscular  layer,  and  unite  to 
form  a  largely  gangliated  plexus  —  Jl/eissner's  plexus  —  in  the  submucous  tissue. 
The  iiiterviuscular  plexus  probably  supplies  the  muscular  coat  and  regulates  the 
peristaltic  action  of  the  bowel ;  the  submucous  plexus  determines  the  calibre  of  the 
blood-vessels. 

Large  Intestine.  —  The  principal  external  characters  of  the 
large  intestine  are  that  it  is  pouched  or  sacculated,  and  that  it 
has  attached  to  it  little  pendulous  portions  of  fat  covered  by 
peritoneum,  called  appendices  epiploiccE.      The  pouches  (sacculi) 


"t 


Kill'//--'  X  JA'i 


W'/  -"^Mt^-i-^^  i 


Fig.  218  — Section  of  a  Solitary  Follicle  of  the  Small  Intestine. 

a    Lymph-follicle  covered  with  epithelium  (6) ;   but  the  villi,  c,  are  denuded   of  epithelium,    d. 

Lieberkiihn's  follicle,    e.   Muscularis  mucosae.   _/.   Submucous  tissue. 

are  produced  by  a  shortening  of  the  longitudinal  muscular  fibres, 
and  by  their  being  collected  into  three  bands,  about  half  an  inch 
(IJ  Mjn.)  wide,  nearly  equidistant  from  each  other.  One  of 
these  bands  corresponds  with  the  attached  part  of  the  circum- 
ference of  the  bowel  ;  another  with  the  front  part  ;  a  third  with 
its  concavity.  If  at  any  given  part  the  three  bands  be  divided, 
the  pouches  immediately  disappear. 

In  a  colon  moderately  distended  and  dried,  we  observe  that 
the  mucous  membrane  forms  numerous  ridges  or  incomplete 
septa  CFig.  219) ;  they  correspond  to  the  grooves  on  the  external 
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surface  of  the  bowel,  and  disappear,  like  the  sacculi,  when  the 
longitudinal  bands  are  divided. 

The  recUim  differs  from  the  rest  of  the  large  intestine  in  that 
its  longitudinal  muscular  fibres  are  not  collected  into  bands,  but 
distributed  equally  over  its  whole  circumference.  Moreover, 
both  the  longitudinal  and  circular  fibres  are  of  considerable 
strength,  like  those  of  the  oesophagus,  as  one  might  expect 
from  the  particular  functions  which  these  parts  of  the  alimen- 
tary canal  have  to  perform..     For  an  inch  and  a  half  (J.c?  cm) 

above  the  anus,  the  circular  fibres  are 
remarkably  developed,  and  constitute 
the  hiternal  sphincter  ani. 

The  mucous  membrane  of   the   large  intestine 

differs  considerably  from  that  of  the  small.     There 

are  neither  valvulcc    conniventes  nor  villi,  but  the 

gliDids  of  Lieberkiihti  and  the  lymphoid  follicles  may 

be  seen  studding  the  mucous  membrane  (Fig.  220). 

The  follicles  are  more  abundant  in  the  czecum  and 

in  the  appendix  vermiformis  than  in  any  other  part 

of  the  alimentary  canal.     The  blood-vessels  present 

the  same  hexagonal  arrangement  on  the  surface  as 

that  of  the  stomach.     That  the  mucous  membrane 

of  the  large  intestine  may  be  temporarily  used  as  a 

substitute  for  the  stomach  is  proved  by  the  fact  of 

persons   having   been   nourished  for  many  weeks 

solely  by  injections.      The  mucous   membrane  is 

lined  throughout  with  columnar  epithelium. 

Ileo-caecal  Valve. — At  the  junction 
of  the  small  with  the  large  intestine  the 
mucous  membrane  is  folded  so  as  to 
form  a  valve  ;  but  it  is  not  a  perfect 
one,  as  is  proved  by  pouring  water  into 
the  large  intestine,  or  by  the  occasional 
vomiting  of  injections.  The  valve  is 
placed  on  mesial  and  dorsal  aspect  of  the  caecum  in  the  adult. 
The  arrangement  of  the  valve  is  best  examined  in  a  dried 
preparation.  The  opening  is  a  transverse  fissure  like  a  button- 
hole, and  the  two  flaps  are  arranged  like  an  upper  and  a  lower 
eyelid.  The  upper  lid  of  the  valve  projects  more  than  the 
lower,  so  that  the  contents  of  the  ileum  drop  naturally  down 
into  the  caput  coli,  where  they  are  apt  to  collect  and  form 
hard  lumps.  The  flaps  of  the  valve  consist  of  mucous  mem- 
brane and  the  circular  fibres  of  the  ileum.  The  longitudinal 
fibres  of   the  ileum  are  continued  directly  on  to  the  caecum  ; 


Fig.  219. —  Section  through  the 
Junction  of  the  Large  and 
Small  Intestines,  to  Show 
the  Ileo-c^cal  Valve. 

I.  Ileum.  2.  Csecum  or  caput  coli. 
3.  Appendix  vermiformis. 
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if  these   be  divided  the  ileum  can  be  drawn  out,  and  the  valve 
disappears.* 

Ileo-caecal  Fossae.  —  There  are  two  fossae,  the  anterior  or 
vc III ro-ilco-ccscal  fossa  n\?id&  by  a  fold  of  peritoneum  commen- 
cing on  the  ventral  aspect  of  the  junction  of  caecum  and  ilium 
and  containing  the  ilio-colic  artery.  This  pouch  opens  down- 
wards or  caudad. 


Kpithelium 


f^V^, 


Muscularis 
mucosae. 


Sub-mucous 
coat. 


Longitudi-   

nal  fibres,  y- 


Fig.  220.  —  Longitudinal  Section  of  the  Large  Intestine. 

T\\Q.  posterior  OX  dorsal  ileo-ccBcal fossa  can  be  seen  by  elevat- 
ing the  caput  coli,  when  a  fold  of  peritoneum  can  be  seen 
passing  from  its  dorsal  surface  to  the  caudal  margin  of  the 
ileum  at  its  junction  with  the  caecum  most  remote  from  the 
attachment  of  the  iliac  mesentery  and  thence  to  the  appendix. 
This  fossa  does  not  have  any  blood-vessels  in  its  embrace,  but 
is  the  larger  of  the  two.  Its  fossa  will  admit  two  fingers,  and 
opens    laterally,  having  the  colon  to  the  right   and  the  ileum 


*  It  is  interesting  to  note  that  tlie  surface  of  the  valve,  towards  the  ileum,  is 
covered  with  villi ;  not  so  the  surface  towards  the  large  intestine. 
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mesially.  The  importance  of  these  fossae  in  appendicular 
troubles  and  hernia  of  this  region  have  been  brought  to  the 
notice  of  the  surgeon. 

Folds  in  the  Rectum.  —  In  many  subjects  we  observe  that 
transverse  or  oblique  folds  of  the  mucous  membrane  project 
into  the  rectum..  These  cannot  be  seen  to  advantage  unless 
the  bowel  be  hardened  in  its  natural  position.  Three,  more 
prominent  than  the  rest,  and  half  an  inch  (/J  mm.),  or  there- 
abouts, in  width,  were  first  pointed  out  by  Mr.  Houston.* 
The  lowest  of  these  is  found  about  one  inch  (2.^  cm.)  above 
the  anus  on  the  left  and  posterior  portion  of  the  gut ;  the  second 
on  the  right  and  more  anterior  portion  of  the  gut,  about  two 
and  a  half  inches  (6 .J  cm.)  above  the  orifice ;  while  the  third  is 
still  higher.  When  thickened  or  ulcerated,  these  folds  are  apt 
to  occasion  great  pain  and  obstruction  in  defsecation. 

Arterial  Supply  of  the  Alimentary  Canal.  —  The  present  opportunity  is  the 
best  for  reviewing  the  arterial  supply  of,  and  the  anastomoses  round,  the  aUmen- 
tary  canal,  from  the  motdh  to  the  anus.  Part  of  the  blood  supply  has  been 
examined  in  the  dissection  of  the  head  and  neck  ;  part  in  the  dissection  of  the 
oesophagus  as  it  passes  through  the  thorax ;  aivl  the  remainder  in  that  of  the 
abdomen.  The  following  table  represents  the  arteries  in  their  order,  beginning 
at  the  mouth :  — 

Lower  Lip, Submental  (deep  branch). 

Mental. 

Inferior  labial. 

Inferior  coronai-y. 

Upper  Lip, Superior  coronary. 

Cheek, Buccal. 

Superior  coronary  (slightly). 

Facial. 

Transverse  facial. 

Infra  orbital. 

Superior  alveolar. 
Mouth,  Roof  of,     ...     .     Descending  palatine. 

Ascending  palatine. 

Pharyngeal  br.  of  ascending  pharyngeal. 
Mouth,       Floor      of,     and     Artery  of  the  frzenum. 
Tongue, Ranine. 

Sublingual. 

Dorsales  linguae. 

Tonsillar. 

Ascending  palatine. 

Ascending  phalangeal. 

Epiglottis, Superior  laryngeal  artery. 

Pharynx, Pterygo-palatine. 

Branches  of  ascending  pharyngeal. 

Branches  of  ascending  palatine. 

Superior  thyroid. 

*  Dublin  Hospital  Reports,  vol.  v.,  p.  163. 
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CEsoPHAGus,  Cervical,    , 
CEsopHAGus,  Thoracic, 

CEsoPHAGUs,  Abdominal, 
Stomach, 


Duodenum, 


Jejunum,  .  .  .  . 
Ileum, 

C^CUM, 

Ascending  Colon,  . 
Transverse  Colon, 
Descending  Colon, 
Sigmoid  Flexure,  . 
Rectum, 


Superior  thyroid. 

Inferior  thyroid. 

Inferior  thyroid. 

Thoracic  aorta. 

Gastric. 

Left  phrenic. 

Gastric. 

Left  phrenic. 

Gastric. 

Pyloric. 

Gastro-epiploica  dextra. 

Gastro-epiploica  sinistra. 

Vasa  brevia. 

Gastro-duodenalis. 

Pancreatico-duodenahs  superior. 

Pancreatico-duodenaUs  inferior. 

Superior  mesenteric. 

Superior  mesenteric. 

Colic  br.  of  ileo-colic. 

Colica  dextra. 

Colica  media. 

Colica  sinistra. 

Sigmoid  arteries. 

Superior  hiemorrhoidal  (inferior  mesenteric). 

Middle  haemorrhoidal  (internal  iUac). 

Inferior  haemorrhoidal  (internal  pudic). 

Arteria  sacra  media. 
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DISSECTION  OF   THE  LOWER    EXTREMITY. 

The  body  must  be  placed  on  its  back,  with  a  block  placed 
beneath  the  buttocks,  and  the  thigh  should  then  be  slightly 
flexed  and  abducted. 

Surface  Marking.  — The  student,  before  commencing  to 
reflect  the  skin,  should  notice  the  irregularities  of  the  surface 
which  are  produced  by  subjacent  structures.  The  upper  part 
of  the  thigh  is  marked  off  from  the  abdomen  by  a  more  or  less 
well-marked  curved  furrow,  having  its  convexity  downwards. 
This  furrow  corresponds  with  Poupart's  ligament,  which  is 
attached  laterally  to  the  anterior  superior  iliac  spine,  and  mesi-  - 
ally  to  the  spine  of  the  os  pubis.  The  spine  of  the  os  pubis 
can,  even  in  the  fattest  subject,  be  distinctly  felt,  and  is  a 
very  valuable  landmark  in  the  diagnosis  between  an  inguinal 
and  a  femoral  hernia ;  for  the  aperture  through  which  an  in- 
guinal hernia  emerges  is  the  ventral  abdominal  ring,  situated 
above  the  spine ;  the  aperture  through  which  a  femoral  hernia 
comes  out  is  the  saphenous  opening,  situated  outside  laterad 
to  the  spine.  On  the  ventral  surface  of  the  thigh  is  a  large 
triangular  depression  corresponding  with  Scarpa's  triangle, 
which  has  its  base  at  Poupart's  ligament.  This  depression, 
which  is  best  seen  in  thin  subjects,  contains  the  large  vessels 
and  nerves  passing  down  to  the  leg,  the  femoral  artery  being 
nearly  in  the  centre  of  the  space  ;  a  furrow  indicating  the 
course  of  these  vessels  may  be  observed  extending  obliquely 
down  to  the  mesial  surface  of  the  thigh.  About  three  or  four 
inches  (7.5  to  10  cm.)  below  the  anterior  superior  iliac  spine, 
there  is  seen  on  the  outer  or  lateral  surface  of  the  thigh  the 
well-marked  prominence  of  the  great  trochanter,  which  is  nearly 
on  the  same  level  as  the  spine  of  the  os  pubis.  The  sartorius 
can  be  seen  passing  obliquely  inwards  or  mesially  from  the 
iliac  spine,  and  crossing  over  the  femoral  vessels  about  four 
inches  {10  cm)  below  Poupart's  ligament  ;  in  the  latter  two- 
thirds  of  its  course  it  descends  nearly  vertically.  The  well- 
defined  ridge,  extending  from  the  os  .pubis  to  the  middle  of  the 
femur,  when  the  thigh  is  abducted,  is  caused  by  the  adductor 
longus  muscle. 

The  ventral  prominence  of  the  knee  is  produced  by  the 
patella,  to  which  is  attached  above  the  tendon  of  the  quadriceps 
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muscle,  and  below,  the  ligamentum  patellae,  both  of  which  can 
be  distinctly  felt.  On  each  side  of  the  patella  is  a  deep  de- 
pression, which  leads  laterally  to  a  rounded  prominence,  the 
external  condyle  ;  and  mesially  to  the  internal  condyle,  the 
latter  being  the  larger.  The  synovial  membrane  which  lines 
the  knee-joint  usually  extends  about  two  fingers'  breadth  above 
the  patella,  and  is  a  little  cephal  on  the  mesial  than  on  the 
lateral  side  of  the  joint. 

An  incision  should  be  made  along  the  groin,  extending  from 
the  anterior  superior  spine  of  the  ilium  to  the  spine  of  the  os 
pubis  ;  another,  from  the  middle  of  the  first  down  the  ventre 
of  the  thigh  for  about  six  inches  {l^  cm.).  The  skin  only  should 
be  reflected,  when  the  superficial  fascia  will  be  exposed. 

Superficial  Fascia.  —  The  superficial  fascia  varies  in  thick- 
ness, according  to  the  condition  of  the  body.  Like  other  super- 
ficial fasciae,  it  is  divisible  into  two  or  more  layers,  between 
which  are  situated  the  inguinal  glands  and  the  cutaneous  vessels 
and  nerves.  The  superficial  layer  is  continuous  with  that  of 
the  abdomen,  and  becomes  firmer  below  Poupart's  ligament, 
to  which,  however,  it  is  not  connected  ;  the  deeper  layer  is  best 
marked  in  the  upper  part  of  the  thigh,  especially  where  it 
stretches  across  the  saphenous  opening,  to  the  margins  of 
which  it  is  closely  attached  ;  this  portion  is  called  the  cribri- 
form fascia,  and  is  protruded  ventrally  by  a  femoral  hernia, 
forming  one  of  its  coverings  ;  this  layer  is  also  attached  to 
Poupart's  ligament. 

The  superficial  layer  of  this  fascia  should  now  be  reflected, 
by  searching  for  one  of  the  subcutaneous  veins  (the  internal 
saphena  will  do)  which  run  between  the  upper  and  the  deeper 
layers  of  the  fascia.  The  cutaneous  vessels  can  thus  be  traced, 
and  come  from  the  common  femoral  artery  ;  they  are  three  in 
number,  the  superficial  epigastric,  the  superficial  external  pmlic, 
and  the  superficial  circumfiexa  ilii  arteries.  The  first  ascends 
over  Poupart's  ligament  to  the  abdomen  (p.  596) ;  the  second 
crosses  mesially  towards  the  os  pubis ;  the  third  passes  laterally 
to  the  ilium.  Each  artery  is  accompanied  by  one,  sometimes 
by  two  veins,  which  empty  themselves,  either  directly  into  the 
femoral,  or  into  the  great  cutaneous  vein  of  the  thigh,  called 
the  saphena. 

Superficial  Inguinal  Glands.  —  These  glands  are  easily 
recognized  by  their  oval  form  and  reddish-brown  color.  There 
are  two  sets  :  one  set  runs  parallel  to  Poupart's  ligament,  and 
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receives  the  lymphatics  from  the  skin  of  the  penis,  the  scrotum, 
the  perineum,  the  anus,  the  buttock,  the  caudal  part  of  the 
abdominal  wall,  and  the  upper  and  outer,  or  cephalo-lateral, 
aspect  of  the  thigh  ;  the  outer  and  lower,  or  latero-caudal,  set 
lies  along  the  saphena  vein,  chiefly  around  the  saphenous  open- 
ing, and  receives  the  lymphatics  from  the  foot,  the  leg,  and  the 
lower,  or  caudal,  part  of  the  thigh.  This  explains  why  in  cancer 
of  the  scrotum  and  syphilitic  disease  of  the  penis  the  first  set 
becomes  enlarged ;  and  the  second,  in  diseases  of  the  extremity. 


Fig.  221.  —  Lymphatic  Vessels  and  Glands  of  the  Groin. 

The  lymphatic  vessels  which  pass  to  and  from  the  glands  are 
small,  and  may  escape  observation,  unless  specially  looked  for. 
They  all  pass  through  the  femoral  ring  into  the  abdomen,  and 
eventually  empty  themselves  into  the  receptaculum  chyli. 

The  glands  mentioned  in  the  preceding  paragraph  are  all 
superficial.  There  are  others,  more  deeply  seated,  close  to  the 
great  vessels  of  the  thigh  ;  these  are  much  smaller,  and  some- 
times cannot  be  found. 

Superficial  Arteries  of  the  Groin. — The  siiperficial  epi- 
gastric artery  comes  through  the  fascia  lata,  sometimes  through 
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the  saphenous  opening,  half  an  inch  (/J  w;;^.)  pedad  to  Pou- 
part's  ligament.  It  ascends  over  Poupart's  ligament  to  pass  to 
the  subcutaneous  tissue  of  the  abdomen,  as  far  as  the  umbilicus, 
and  supplies  the  inguinal  glands,  and  anastomoses  with  the  deep 
epigastric  and  internal  mammary  arteries.  Its  further  course 
is  described  at  p.  420. 

The  superficial  circmnflcxa  ilii  emerges  through  the  fascia 
lata,  runs  parallel  to  Poupart's  ligament  towards  the  crest  ot 
the  ilium,  and  ends  in  the  subcutaneous  tissue  and  inguinal 
glands.  It  anastomoses  with  the  deep  circumflex  iliac,  the. 
gluteal,  and  the  ascending  branches  of  the  external  circumflex 
arteries. 

The  superficial  external  piidic  comes  through  the  saphenous 
opening,  crosses  over  the  spermatic  cord,  and  supplies  the  penis 
and  scrotum  in  the  male,  and  the  labium  in  the  female.  This 
artery  is  usually  divided  in  the  operation  for  femoral  hernia, 
also  in  that  for  phymosis,  since  it  runs  along  the  penis  to  supply 
the  prepuce.  Arising  directly  from  so  large  an  artery  as  the 
femoral,  it  sometimes  bleeds  profusely  ;  for  it  is  an  admitted 
fact  that  when  even  a  small  branch,  coming  directly  from  a 
principal  artery,ns  divided  near  its  origin,  it  will  sometimes  pour 
out  as  much  blood  as  if  an  opening  were  punched  out  of  the 
trunk  as  large  as  the  area  of  the  divided  branch.*  There  is 
another  pudic  artery,  called  the  deep  external  pudic :  this  runs 
between  the  fascia  lata  and  the  pectineus,  supplying  that  muscle, 
the  scrotum  in  the  male,  and  the  labium  in  the  female.  They 
both  anastomose  with  branches  of  the  internal  pudic  artery. 

The  incision  should  be  prolonged  down  the  thigh,  over  the 
knee,  to  the  tubercle  of  the  tibia.  The  skin  must  then  be  re- 
flected, to  expose  the  subcutaneous  tissue  over  the  whole  ventral 
aspect  of  the  thigh.  The  cutaneous  vessels  and  neryes  should 
be  looked  for  in  the  subcutaneous  fat  in  the  following  situations  : 
on  the  mesial  side  are  the  inguinal  branch  of  the  ilio-inguinal 
nerve  passing  down  through  the  external  or  ventral  abdominal 
ring,  mesial  to  the  saphenous  opening ;  lower  doivn  are  the  two 
branches  of  the  internal  cutaneous  nerve  supplying  the  skin  on 
the  mesial  aspect  of  the  thigh  as  far  as  the  knee,  the  lower 
branch  accompanying  the  internal  saphena  vein  which  ascends 

*  Mr.  Listen  had  occasion  to  tie  the  external  iliac  artery  for  a  supposed  injury 
(Ijy  a  pislol-ball)  to  the  femoral.  It  wa.s  discovered,  after  the  death  of  the  patient, 
that  the  ball  had  injured  only  one  of  the  superfi(  ial  branches  of  the  femoral  about 
an  inch  from  its  origin.     See  his  paper  in  the  A/fJ.  Chir.  Trans.,  vol.  xxix.,  1846. 
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to  pierce  the  saphenous  opening ;  there  are  also  low  down  some 
filaments  from  the  long  saphena  nerve ;  on  the  ventral  aspect 
of  the  thigh  there  is  found  the  crural  branch  of  the  genito-crural 
nerve,  and  lower  down,  as  far  as  the  knee,  are  the  middle  cu- 
taneous nerves  ;  on  the  outer  or  lateral  side  are  seen  filaments 
of  the  external  cutaneous  nerve. 

Internal   Saphena   Vein. — This  is  the  chief  subcutaneous 
vein  of  the  lower  limb.     Its  roots,  arising  from  the  inner  or 


Fig.  222. —  Superficial  Vessels  and  Glands  of  the  Groin.  Saphenous  Opening  with 
THE  Cribriform   Fascia. 

I.  Saphenous  opening  of  the  fascia  lata.  2.  Saphena  vein.  3.  Superficial  epigastric  a.  4.  Super- 
ficial circumflexa  ilii  a.  5.  Superficial  pudic  a.  6.  External  abdominal  ring.  7.  Fascia  lata  of 
the  thigh. 

mesial  side  of  a  venous  arch  on  the  dorsum  of  the  foot,  unite 
into  a  single  trunk,  which  ascends  in  front  of  the  inner  ankle, 
along  the  inner  or  mesial  side  of  the  leg,  behind  or  dorsad  to  the 
knee,  along  the  inner  and  front  part  of  the  thigh,  where  it 
passes  through  an  opening  —  the  saphenous  opening — in  the 
fascia  lata,  to  join  the  femoral  vein,  immediately  dorsad  to  the 
crural  arch  (Fig.  222).  In  this  long  course  it  receives  many- 
tributary  veins,  some  of  which  are  often  large,  especially  one 
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which,  coursing  round  the  inner  or  mesial  part  of  the  thigh,  is 
frequently  as  large  as  the  main  trunk.  Just  before  its  termina- 
tion it  is  joined  by  the  superficial  veins,  which  accompany  the 
arteries  of  the  groin,  already  alluded  to.  Like  all  subcutaneous 
veins,  it  is  provided  with  valves,  chiefly  where  joined  by  other 
veins,  to  support  the  column  of  the  blood. 

Cutaneous  Nerves.  —  The  distribution  of  the  cutaneous 
nerves  of  the  thigh  varies  considerably,  but  they  are  always 
found  more  abundantly  on  the  inner  or  mesial  than  on  the 
outer  or  lateral  aspect  of  the  thigh.  The  nerves  are  divided 
into  external,  middle,  and  interjial.  All  directly  or  indirectly 
proceed  from  the  lumbar  plexus,  and,  perforating  the  fascia  lata, 
divide  in  the  subcutaneous  tissue. 

a.  The  external  cutaneotcs  nerve  is  a  branch  of  the  second  and  third  lumbar 
nerves.  It  enters  the  thigh  dorsad  to  Poupart's  ligament  close  to  the  anterior 
superior  spine  of  the  ilium.  Here  it  divides  into  two  branches,  an  anterior  or 
ventral-,  and  a  posterior.  The  anterior  branch  comes  through  the  fascia  lata  about 
four  inches  {10  cm.)  below  Poupart's  ligament,  and  can  be  traced  down  the  outer 
side  of  the  thigh  as  far  as  the  knee,  giving  off  numerous  branches.  The  posterior 
branch,  after  coming  through  the  fascia  lata,  divides  into  filaments,  which  are  dis- 
tributed to  the  skin  over  the  nates  and  the  dorsum  of  the  thigh. 

b.  The  ?niddle  cutaneous  nerves,  one  or  two  in  number,  are  given  off  by  the 
anterior  crural  in  the  thigh.  They  pass  through  the  sartorius  about  four  inches 
{10  ctn.)  below  Poupart's  ligament,  perforate  the  fascia  lata,  and  descend  along  the 
ventral  and  mesial  part  of  the  thigh  as  far  as  the  knee,  distributing  branches  on 
either  side,  some  of  which  communicate  with  the  long  saphenous  nerve.  In  its 
course  along  the  front  or  ventral  aspect  of  the  thigh  it  joins  with  the  crural  branch 
of  the  genito-crural  and  the  internal  cutaneous  nerves. 

c.  The  internal  cutaneous  7ien'e,  also  a  branch  of  the  anterior  crural,  crosses 
obliquely  over  the  sheath  of  the  femoral  artery.  It  then  divides  into  two  branches, 
an  anterior  and  an  internal ;  the  anterior  branch  comes  through  the  fascia  lata  in 
the  lower  third  of  the  thigh,  where  it  terminates  in  two  branches,  one  being  dis- 
tributed to  the  inner  side  of  the  knee,  the  other  crossing  over  the  patella  to  the 
outer  side  of  the  joint;  the  internal  branch  perforates  the  fascia  lata  just  above 
the  knee-joint,  after  running  down  along  the  dorsal  border  of  the  sartorius,  and 
supplies  the  integument  on  the  mesial  side  of  the  leg.  Whilst  still  beneath  the 
fascia  lata,  the  internal  cutaneous  nerve  unites  below  the  adductor  longus  in  a 
plexiform  manner  with  the  long  saphenous  and  obturator  nerves.* 

d.  The  crural  branch  of  the  ^(^eni to-crural  iierve  perforates  the  ventral  layer  of 
the  sheath  of  the  femoral  vessels,  comes  through  the  fascia  lata  immediately 
below  Poupart's  ligament,  and  supplies  the  skin  on  the  ventral  aspect  of  the  thigh. 
About  two  or  three  inches  {j  to  y.^  cm.)  below  the  cniral  arch  it  usually  communi- 
cates with  the  middle  cutaneous  nerve.  It  also  distributes  a  few  filaments  to  the 
femo:al  artery  in  its  jjassage  under  the  crural  arch. 

e.  The  ittf^uinal  branch  of  the  ilioinffidnal  nerve,  after  emerging  from  the 
external  abdominal  ring,  supplies  the  skin  on  the  inner  aspect  of  the  upper  third 
of  the  thigh. 

*  It  is  important  to  note  that  one,  .sometimes  two,  of  these  branches  of  the 
internal  cutaneous  crosses  the  sheath  of  the  femoral  artery,  just  where  the  sartorius 
begins  to  overlap  it,  and  therefore  at  the  spot  where  it  is  usually  tied.  See  diagram, 
P   573- 


6oo 


FASCIA    LATA. 


Fascia  Lata.  —  Remove  the  subcutaneous  fat  and  the  deeper 
layer  of  the  superficial  fascia,  to  examine  the  dense  white 
fascia  —  the  fascia  lata  —  of  the  thigh.  The  use  of  this  fascia 
is  to  cover  the  muscles  of  the  thigh  collectively,  and  to  form 
separate  sheaths  for  each  ;  so  that  it  not  only  keeps  them  to- 
gether, but  maintains  each  in  its  proper  position.  A  knowl- 
edge of  these  sheaths  is  important,  because 
they  interfere  with  the  progress  of  deep-seated 
matter  towards  the  surface,  and  cause  it  to 
burrow  in  this  or  that  direction  according  to 
the  part  in  which  it  forms. 

The  fascia  is  not  of  equal  strength  all  round 
the  thigh.  It  is  comparatively  thin  on  the 
inner  side ;  exceedingly  thick  and  strong  down 
the  outer  side  ;  here,  indeed,  it  has  the  appear- 
ance of  a  dense  expanded  aponeurosis,  strap- 
ping down  the  vastus  externus  muscle,  and  is 
sometimes  called  the  ilio-tibial  ba7id ;  and  it 
certainly  performs  the  office  of  a  tendon,  for 
it  gives  insertion  between  its  two  layers  to 
two  powerful  muscles,  —  namely,  the  tensor 
fasciae  femoris,  and  the  gluteus  maximus  (Fig. 
223). 

The  fascia  lata  is  attached  to  the  margin 
of  the  bones  which  constitute  the  framework 
of  the  lower  extremity.  Beginning  from 
above,  its  attachment  can  be  traced  from  the 
dorsal  surface  of  the  sacrum  and  coccyx,  along 
the  crest  of  the  ilium,  thence  along  Poupart's 
ligament  to  the  body  of  the  os  pubis  and  the 
linea  ilio-pectinea,  and  along  the  rami  of  the 
OS  pubis  and  ischium.  Proceeding  down  the 
thigh,  it  penetrates  on  each  side  of  the  limb 
to  the  linea  aspera,  forming  what  are  called 
the  external  and  internal  intermnsciilar  septa  ; 
the  lateral  one,  the  stronger,  separates  the  vastus  externus 
anteriorly  from  the  short  head  of  the  biceps,  both  of  which  have 
origin  from  the  fascia ;  the  mesial  one  separates  the  vastus  in- 
ternus  ventrally  from  the  adductor  muscles  dorsally.  Below, 
it  can  be  traced  round  the  knee-joint,  and  is  particularly  strong, 
especially  on  the  outer  side,  where  it  is  attached  to  the  head  of 
the  tibia  and  fibula,  and  forms  the  insertion  of  the  tensor  fasciae 


Fig.  223.  —  Fascia  on 
THE  Outside  of  the 
Thigh. 

I.  Tensor  fascise  fem- 
oris. 2.  Gluteus 
maximus.  3.  Lower 
fibres  of  ditto.  4. 
Fascia  lata. 
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femoris.  The  fascia  lata  is  very  strong  over  the  gluteus  medius 
—  the  gluteal  aponeurosis  —  and  at  the  upper  border  of  the 
gluteus  maximus  divides  into  two  layers,  one  superficial  to 
the  muscle,  the  other  deep,  which  separates  this  muscle  from 
the  deeper  muscles,  and  becomes  connected  with  the  great 
sacro-sciatic  ligament.  The  fascia  lata  also  furnishes  thinner 
sheaths  for  the  separate  muscles. 

There  are  numerous  small  apertures  in  the  fascia,  through 
which  the  cutaneous  nerves  and  vessels  are  transmitted  ;  but 
the  most  important  one  is  the  large  opening  —  the  saphenous 
ope  fling  —  through  which  the  sa- 
phena  vein  passes  to  join  the 
femoral.  The  part  of  the  fascia 
situated  external  to  the  saphenous 
opening  is  termed  the  iliac  por- 
tion of  the  fascia  lata ;  that  in- 
ternal to  it,  the  pubic  portion. 

The  iliac  portion  is  attached  to 
the  crest  of  the  ilium,  to  the 
whole  length  of  Poupart's  liga- 
ment, and,  in  conjunction  with 
Gimbernat's  ligament,  to  the  linea 
ilio-pectinea ;  from  this  attach- 
ment it  arches  downwards  and 
outwards,  its  inner  margin  form- 
ing the  outer  falciform  edge  of 
the  saphenous  opening ;  this 
border  passes  over  the  anterior 
sheath  (formed  by  the  transver- 
salis  fascia)  of  the  femoral  artery,  and  is  seep  to  be  continuous 
below  with  the  pubic  portion,  which  can  be  traced  upwards  over 
the  pectineus  and  adductor  longus  muscles,  behind  the  posterior 
sheath  (formed  by  the  iliac  fascia)  of  the  femoral  vessels,  where 
it  is  connected  with  the  sheath  of  the  iliacus  and  psoas  muscles 
and  the  fibrous  structures  of  the  hip-joint.  Above,  it  is 
attached  to  the  linea  ilio-pectinea,  to  the  body  and  the  ramus 
of  the  OS  pubis. 

Saphenous  Opening  in  the  Fascia  Lata.  —  The  saphe- 
nous opening  is  an  oval  aperture  in  the  fascia  lata,  immedi- 
ately below  the  crural  arch,  on  the  inner  side  of  the  front  as]:)ect 
of  the  thigh,  through  which  the  saphena  vein  passes  to  join  the 
femoral.     There  is  no  definite  border  to  the  saphenous  opening 


Fig.  224. —  Diagram  OF  THE  Femoral  Ring 

AND  THE  Saphenous  Opening. 
(The  arrow  is  introduced  into  the  femoral  ring.) 
I.  Crural  arch.  2.  Saphenous  opening  of  the 
fascia  lata.  3.  Saphena  vein.  4.  Femoral 
vein.  5.  (Jimbemat's  ligament.  6.  External 
abdominal  ring.  7.  Position  of  the  internal 
ring  in  dotted  outline. 
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until  the  fascia  —  c7dbriforin,  which  covers  the  opening  and 
blends  with  its  margin — has  been  removed.  It  is  situated  just 
below  the  crural  arch  and  external  to  the  spine  of  the  os  pubis ; 
it  is  oval,  with  the  long  axis  vertical,  and  is  about  one  inch  and 
a  half  {^.8  cm)  long  and  an  inch  (2.5  cm.)  broad.  Its  border 
on  the  inner  side  is  not  defined ;  for  here  the  fascia  lata  ascends 
under  the  femoral  vessels,  and  is  continuous  with  the  iliac  fascia 
of  the  pelvis.*  But  the  outer  or  iliac  border  is  clearly  defined. 
This  lies  in  front  of  the  femoral  vessels,  is  crescent-shaped, 
with  the  concave  upper  end  towards  the  os  pubis,  and  is  called 
the  falciform  process,  whilst  its  deeper  fibres  are  known  as 
Burns  ligament.  The  lower  horn  of  the  crescent  curves  under 
the  saphena  vein  with  a  well-defined  border,  and  on  being 
traced  upwards  becomes  less  well-marked  until  it  is  gradually 
lost  in  the  fascia  on  the  inner  side  of  the  opening.  The  upper 
horn,  Hey' s  ligament, \  arches  over  the  femoral  vein,  and  then 
descending  slightly  is  continued  uninterruptedly  into  Gimber- 
nat's  ligament  —  i.e.,  into  that  part  of  the  crural  arch  which 
is  inserted  into  the  linea  ilio-pectinea.  The  upper  horn  deserves 
especial  attention,  because  it  forms  the  upper  boundary  of  the 
aperture  through  which  a  femoral  hernia  takes  place ;  and,  being 
chiefly  concerned  in  the  constriction  of  the  rupture,  must  be 
divided  for  its  relief.  This  may  be  easily  ascertained  by  intro- 
ducing the  little  finger  under  the  crural  arch,  on  the  inner  side 
of  the  femoral  vein  —  in  other  words,  into  the  femoral  ring  (see 
the  arrow.  Fig.  224).  Feel  how  the  upper  horn  of  the  crescent 
would  gird  the  neck  of  a  hernia,  and  that  its  tension  is  greatly 
influenced  by  the  position  of  the  limb  ;  for  if  the  thigh  be  bent 
and  brought  over  to  the  other  side,  the  tension  of  all  the  parts 
is  materially  lessened.  J 

Cribriform  Fascia.  —  The  cribriform  fascia  is  so  called  be- 
cause it  is  perforated  with  numerous  apertures  for  the  passage 
of  the  superficial  vessels  and  lymphatics.  It  is  a  thin  membran- 
ous covering  over  the  saphenous  opening,  and  is  prolonged  from 

*  On  the  inner  or  mesial  side  of  the  femoral  vessels  the  pubic  portion  of  the 
fascia  is  attached  to  the  linea  ilio-pectinea. 

t  The  upper  horn  is  sometimes  called  Hey's  Ligament,  after  the  surgeon  who 
first  drew  attention  to  it.  {Observations  in  Surgery,  by  W.  Hey,  F.R.S.,  London, 
1810.) 

X  We  must  always  bear  in  mind  that,  though  the  crural  arch  and  the  fascia  at- 
tached to  it  have  received  particular  names,  they  are  not,  on  that  account,  distinct 
and  separate ;  but  all  are  intimately  connected,  and  portions  merely  of  one  contin- 
uous expansion.  Thus  all  the  parts  are  kept  in  a  condition  of  mutual  tension, 
which  depends  very  much  on  the  position  of  the  thigh. 
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the  outer  edge  of  the  opening  over  the  sheath  of  the  femoral 
vessels,  and  adheres  on  the  inner  side  to  the  fascia  lata,  covering 
the  pectineus  muscle.  Some  anatomists  describe  this  fascia  as 
a  portion  of  the  deeper  layer  of  the  superficial  fascia  ;  others 
consider  it  as  a  thin  prolongation  of  the  fascia  lata  itself  across 
the  opening.  Its  chief  surgical  importance  is  derived  from  the 
fact  that  it  forms  one  of  the  coverings  of  a  femoral  hernia. 

The  cribriform  fascia  must  now  be  removed  on  one  side  so  as 
to  display  the  saphenous  opening,  which  will  appear  as  repre- 
sented in  Fig.  224, 


ANATOMY  OF  THE  PARTS  CONCERNED  IN  FEMORAL  HERNIA. 

The  anatomy  of  the  parts  concerned  in  the  femoral  hernia 
cannot  be  thoroughly  understood  without  the  assistance  of 
special  dissections.  The  following  demonstration  therefore 
takes  for  granted  that  the  student  has  the  opportunity  of  seeing 
the  parts,  not  only  on  their  femoral,  but  also  on  their  abdominal 
side. 

The  different  parts  of  the  subject  should  be  examined  in  the 
following  order  :  — 

a.  The  formation  of  the  crural  arch. 

b.  The  arrangement  of  the  parts  as  they  pass  dorsad  to  the 
arch. 

c.  The  sheath  of  the  femoral  vessels. 

d.  The  crural  canal  and  ring. 

e.  The  practical  application  of  the  subject. 

Poupart's  Ligament  or  Crural  Arch.  — The  lower  border 
of  the  aponeurosis  of  the  external  oblique  muscle  extends  from 
the  anterior  superior  spine  of  the  ilium  to  the  spine  of  the  os 
pubis,  and  forms  over  the  bony  excavation  beneath  the  crural 
arch  or  Poupart's  ligament.  (It  is  marked  by  the  dark  line  in 
Fig.  224.)  The  direction  of  the  arch  is  at  first  somewhat  oblique, 
but  towards  its  inner  half  becomes  nearly  horizontal.  In  con- 
sequence of  its  intimate  connection  with  the  fascia  lata  of  the 
thigh,  the  line  of  the  arch  describes  a  gentle  curve  with  the 
convexity  downwards.  The  arch  is  attached  to  the  spine  of 
the  OS  pubis,  and  also  for  some  distance  along  the  linca  ilio- 
pcctinea  (Fig.  224).  This  additional  attachment,  called  Gim- 
bcrnafs  ligament,  is  of  importance,  for  it  is  frequently  the  seat 
of  stricture  in  femoral  hernia. 
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Gimbernat's  Ligament.  —  The  best  view  of  Gimbernat's 
ligament  is  obtained  from  within  the  abdomen,  it  being  only 
necessary  to  remove  the  peritoneum.  It  is  that  portion  of  the 
aponeurosis  of  the  external  oblique  muscle  which  is  inserted 
into  the  linea  ilio-pectinea  for  about  an  inch  (^.5  cni^  in  length. 
It  is  placed  nearly  horizontally  in  the  erect  posture,  and  is  tri- 
angular with  its  apex  at  the  os  pubis  and  its  base  directed  out- 
wards. In  front,  it  is  continuous  with  the  crural  arch ;  behind, 
it  is  inserted  into  the  linea  ilio-pectinea ;  externally  it  is  con- 
tinuous with  the  fascia  lata  through  Hey's  ligament  (Fig.  224). 
Its  length  is  from  three-quarters  of  an  inch  to  one  inch  {18  mm. 
to  2.^  cm.)  ;  but  it  is  usually  longer  in  the  male  than  in  the 
female. 

On  putting  your  finger  into  the  femoral  ring,  you  feel  the 
sharp  and  wiry  edge  of  this  ligament  ;  observe,  too,  that  as  the 
body  lies  on  the  table,  the  plane  of  the  ligament  is  perpendic- 
ular, and  therefore  that  it  recedes  from  the  siirface. 

An  incision  should  now  be  made  through  the  fascia  lata  along 
the  entire  length  of  Poupart's  ligament  ;  another  also  through 
the  fascia  vertically,  from  the  anterior  superior  ihac  spine 
down  the  thigh  for  about  four  inches  {10  cm.),  and  the  fascia  lata 
carefully  dissected  downwards  and  inwards  from  the  subjacent 
structures.  This  will  expose  the  structures  as  they  pass  under 
or  dorsad  to  Poupart's  ligament  to  the  ventral  aspect  of  the 
thigh. 

Arrangement  of  the  Parts  which  pass  dorsad  to  the 
Arch.  —  The  crural  arch  transmits  from  the  abdomen  into  the 
thigh  (proceeding  in  order  from  the  outer  side)  the  following 
objects  shown  in  Fig.  225  :  i.  The  external  cutaneous  nerve. 
2.  The  iliacus  with  the  anterior  *  crural  nerve  lying  on  it  near 
its  inner  border.  3.  The  femoral  artery  resting  on  the  psoas 
muscle.  4.  The  crural  branch  of  the  genito-crural  nerve.  5. 
The  femoral  vein.  6.  The  crural  sheath  surrounding  the  fem- 
oral vessels,  formed  ventrally  by  the  fascia  transversalis,  dor- 
sally  by  the  fascia  iliaca.  7.  The  lymphatics  passing  upwards 
through  the  femoral  canal.  8.  The  pectineus.  These  muscles 
and  vessels  fill  up  the  space  beneath  or  dorsad  to  the  crural 
arch,  except  on  the  inner  side  of  the  femoral  vein,  where  a  space 
is  left  for  the  passage  of  the  lymphatics  :  this  is  called  the  crural 

*  It  would  be  as  well  to  omit  any  locative  word  in  regard  to  this  nerve,  as  it 
is  single,  and  designates  the  part  supplied,  hence  crural  is  all  that  is  necessary.  — 
A.  H. 
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or  femoral  ring.  The  muscles  are  separated  from  the  vessels 
by  a  strong  vertical  fibrous  partition  passing  from  the  arch  to 
the  bone,  which  is  nothing  more  than  a  continuation  of  the 
sheath  of  the  psoas.  The  artery,  too,  is  separated  from  the  vein 
by  a  similar,  although  a  much  weaker  partition,  and  there  is  a 
third  close  to  the  inner  side  of  the  vein.  These  three  partitions 
not  only  keep  all  the  parts  in  their  right  place,  but  bind  the  arch 
to  the  bone,  and  prevent  its  being  uplifted  by  any  protrusion  be- 
tween it  and  the  muscles  and  vessels.  This,  coupled  with  the 
close  attachment  of  the  fascia  iliaca  to  the  crural  arch,  explains 


External  cutaneous  n.     _i 


Iliacus.        _     _ 

_      _  _  Crural  arch. 

Anterior  crural  n.  ^^^  ^ 

External  ring. 

Femoral  ring. 

Femoral  vein  and  artery. 


Fig.  225.  —  Position*  op  Pairt!^  TTItder  the  Crukal  Arch  (Vertical  Section). 

why  femoral  hernia  rarely  takes  place  in  any  other  situation  than 
on  the  inner  side  of  the  femoral  vein.* 

Sheath  of  the  Femoral  Vessels.  —  The  femoral  vessels 
descend  beneath  to  the  crural  arch,  enclosed  in  a  funnel-shaped 
membranous  sheath.  This  sheath  appears  to  be  derived  im- 
mediately from  the  arch  itself,  but  it  is  really  formed  in  front 
or  ycntrally  by  a  prolongation  from  the  fascia  transversalis 
of  the  abdomen.  This  prolongation,  uniting  with  the  con- 
tinuation from  the  fascia  iliaca  (to  join  the  fascia  lata)  behind 
or  dorsad  to  the    cmoral  vessels,  forms  a  funnel,  with  the  wide 

*  If  the  partitions  from  any  cause  yield,  or  become  slack,  then  a  rupture  may 
descend  in  front  of  the  vessels,  or  even  (though  this  is  rare)  on  the  outer  or  lateral 
side  of  the  artery. 
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part  uppermost,  into  which  the  femoral  vessels  enter.     This  is 
the  funnel-shaped  sheath  of  the  femoral  vessels. 

The  fascia  transversalis,  descending  over  the  femoral  vessels, 
forms  the  front  or  vc7itral  part  of  their  sheath  ;  the  hind  or  dor- 
sal part  of  the  sheath  is  formed  by  the  fascia  iliaca,  which  runs 
down  behind  or  dorsad  to  the  vessels  to  join  the  pubic  portion 
of  the  fascia  lata.  The  sheath  descends  as  low  as  the  lower 
horn  of  the  saphenous  opening,  where  it  is  gradually  lost  upon 
the  cellular  coat  (tunica  adventitia)  of  the  femoral  vessels.     The 

outer  part  of  the  sheath, 
in  front,  is  perforated  by 
the  crural  branch  of  the 
genito-crural  nerve,  and 
the  superficial  arteries  of 
the  groin ;  the  inner  part, 
by  the  saphena  vein  and 
some  lymphatic  vessels. 
The  sheath  of  the  fe- 
moral vessels  is  divided 
into  three  compartments 
separated  from  each 
other  by  partitions  :  the 
outer  is  occupied  by  the 
femoral  artery  ;  the  mid- 
dle by  the  femoral  vein  ; 
the  inner  is  the  crural 
canal,  into  which  a  fe- 
moral hernia  descends. 

The  deep  crural  arch 
is  the  thickened  band  of 
fibres  connected  with  the  front  or  ventral  aspect  of  the  crural 
sheath ;  the  fibres  run  in  the  same  direction  as  the  crural  arch, 
but  quite  independently  of  it,  as  shown  in  Fig.  226  ;  these  bands 
lie  over  the  neck  of  the  sac  of  a  femoral  hernia,  and  are  often 
the  seat  of  the  stricture. 

Practically,  the  sheath  is  important  for  many  reasons :  — 
I.  A  femoral  hernia  descends  within  it.  2.  It  constitutes, 
therefore,  one  of  the  coverings,  fascia  propria,  of  the  hernia. 
3.  It  contains  within  its  substance  the  deep  crural  arch,  which 
not  infrequently  forms  the  stricture  of  a  femoral  hernia,  and 
has,  therefore,  to  be  divided  before  the  intestine  can  be  returned. 
Crural  Canal  and  Femoral   Ring. — The  hollow,  dorsad  to 


Fig.  226.  —  Diagram  of  the  Sheath  of  the  Femoral 

Vessels. 
1.  I.  Fascia  transversalis.     2.  Internal  or  dorsal  ring.     3. 

Crural  arch  reflected.    4.  Sheath  of  the  femoral  vessels. 

S-  Saphena  vein. 
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the  crural  arch,  is  completely  occupied  by  the  structures  before 
mentioned,  except  for  a  small  triangular  space,  forming  the 
inner  compartment  of  the  femoral  sheath,  called  the  cfiiral 
canal.  The  canal  is  on  the  inner  side  of  the  femoral  vein,  and 
is  from  a  quarter  to  half  an  inch  (6  mm.  to  IJ  mm.)  in  length. 
Its  base  commences  above  in  the  femoral  ring,  and  its  apex  ends 
below  the  saphenous  opening.  In  front  it  has  Poupart's  liga- 
ment and  the  falciform  process  of  the  iliac  portion  of  the  fascia 
lata,  and  is  formed  by  the  fascia  transversalis  ;  bcJiind  it  is 
formed  by  the  fascia  iliaca ;  internally  it  is  formed  by  the 
junction  of  the  fascia  transversalis  and  the  fascia  iliaca,  and  is 
in  relation  with  the  base  of  Gimbernat's  ligament;  externally 
it  is  separated  from  the  femoral  vein  by  the  septum  of  fascia 
wjhich  divides  the  middle  from  the  inner  compartment  of  the 
crural  sheath. 

The  femoral  ring  is  the  upper  opening  of  the  crural  canal, 
and  is  bounded,  ///  f-ont  by  the  superficial  and  deep  crural 
arches  ;  behind  by  the  horizontal  ramus  of  the  os  pubis,  the 
pectineus,  and  the  pubic  portion  of  the  fascia  lata  ;  on  the  outer 
side,  by  the  fascial  septum  separating  it  from  the  vein  ;  on  the 
inner  side,  by  the  thin,  wiry  edge  of  Gimbernat's  ligament, 
the  conjoined  tendon  of  the  internal  oblique  and  transversalis, 
the  fascia  transversalis,  and  the  fibres  of  the  deep  crural  arch. 
In  the  undisturbed  condition  of  the  parts  there  is  no  gap ;  it  is 
only  a  weak  place,  which,  when  a  hernia  escapes  through  it, 
feels  like  a  ring:  hence  the  name  of  femoral  ring.* 

The  femoral  ring  is  surrounded  on  all  sides  by  unyielding 
structures.  This  accounts  for  the  little  benefit  afforded  by  the 
warm  bath  in  cases  of  strangulation.  Sir  W.  Lawrence  was  in 
the  habit  of  saying  that  he  never  saw  a  strangulated  femoral 
hernia  where  the  warm  bath  was  of  any  avail. 

Practical  Application  of  the  Subject.  —  From  what  has 
been  said,  the  student  ought  now  to  understand — i,  at  what 
aperture  a  femoral  hernia  escapes  from  the  abdomen  ;  2,  the 
course  which  it  takes,  and  its  relations  to  the  surrounding  parts; 
3,  the  proper  mode  of  attempting  the  reduction  ;  4,  the  structure 
and  arrangement  of  its  coverings  ;  and  5,  the  probable  seat  of 
stricture. 

*  The  femoral  ring  is  naturally  occupied  by  a  little  fat  and  cellular  membrane, 
by  lymphatic  vessels,  and  often  by  a  small  lymphatic  gland.  But  we  have  never 
met  with  anything  deserving  the  name  of  a  diaphragm  or  membranous  septum, 
such  as  is  described  by  Cloquet  as  the  scptutn  cntrale,  vt.\\A  is,  surgically,  of  no 
importance. 
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The  hernia  escapes  from  the  abdomen  through  the  femoral 
ring  —  that  is,  under  or  dorsad  to  the  weak  part  of  the  crural 
arch,  between  the  femoral  vein  and  Gimbernat's  ligament.  Here 
is  the  mouth  of  the  hernial  sac,  or  that  part  of  it  which  com- 
municates with  the  abdomen.  It  descends  for  a  short  distance 
nearly  perpendicularly,  and  projects  as  a  small  tumor  in  front 
of  or  ventrad  to  the  pectineus  muscle.  Its  progress  downwards, 
however,  is  soon  arrested,  partly  by  the  very  close  adhesion  of 
the  subcutaneous  structures  to  the  lower  margin  of  the  saph- 
enous opening;  partly  by  the  flexion  of  the  thigh.  Conse- 
quently, if  the  hernia  increases  in  size,  it  usually  rises  over  or 
becomes  ventrad  to  the  crural  arch,  where  the  subcutaneous 
tissue  offers  less  resistance  ;  and  the  bulk  of  the  hernia  extends 
outwards  towards  the  ilium,  assuming  more  or  less  of  an  oblong 
form,  with  the  long  axis  parallel  to  the  crural  arch.  Since, 
then,  the  body  of  the  hernia  forms  a  very  acute  angle  with  the 
neck,  the  right  mode  of  attempting  its  reduction  is  to  draw  it, 
first  down  from  the  groin,  and  then  to  make  pressure  on  it  back- 
wards in  the  direction  of  the  femoral  ring. 

Coverings  of  a  Femoral  Hernia.  —  The  coverings  of  a 
femoral  hernia  are  as  follows  :  It  first  protrudes  before  it  the 
peritoneum,  technically  called  the  hernial  sac*  The  sac  is 
covered  by  more  or  less  fat,  according  to  the  condition  of  the 
patient,  called  the  siibpeiitoneal  fat.  It  next  pushes  before  it 
the  sheath  of  the  fe^noral  vessels,  which  forms  an  investment 
more  or  less  thick.  In  front  of  this  is  the  ciibriform  fascia. 
Lastly,  there  is  the  snbcntaneous  tissue  and  skin. 

Seat  of  Stricture.  — The  seat  of  stricture  is  usually  at  the 
femoral  ring,  and  the  position  of  the  neighboring  blood-vessels 
indicates  that  the  proper  direction  in  which  to  divide  the  stric- 
ture is  either  directly  inwards,  through  Gimbernat's  liga- 
ment, as  recommended  by  Sir  W.  Lawrence,  or  upwards, 
through  Key's  ligament,  as  recommended  by  Sir  A.  Cooper.f 
There  is  no  risk  of  wounding  an  artery,  supposing  the  vessels 
to  take  their  ordinary  course.  But  it  occasionally  happens 
(Fig.    227)    that  the  obturator  artery  runs    above   (in   the  re- 

*  In  some  cases  the  fascia  propria  so  much  resembles  the  hernial  sac  that  it  is 
not  easy  to  distinguish  between  them.  Generally  speaking,  they  are  separated  by 
a  small  quantity  of  fat. 

t  The  operation  recommended  by  Sir  A.  Cooper  is  that  usually  performed 
now ;  because,  if  Gimbernat's  Ugament  be  divided,  its  cut  edges  often  retract  to 
such  an  extent  that  no  truss  can  possibly  retain  the  hernia  when  the  patient  as- 
sumes the  erect  posture. 
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cumbent  position)  the  femoral  ring;  in  such  a  case,  the  neck 
of  the  sac  would  be  encircled  by  a  large  blood-vessel.  From 
the  examination  of  two  hundred  bodies,  the  chances  are  about 
seventy  to  one  against  this  unfavorable  distribution.  But  the 
possibility  of  it  has  given  rise  to  tJns  nile  in  practice  —  not  to 
cut  deeply  in  any  one  place  through  the  stricture,  but  rather 
to  notch  it  in  several.  By  this  proceeding  we  are  much  less 
likely  to  wound  the  abnormal  artery,  because  it  does  not  run 
at  the  base  of  Gimbernat's  ligament,  but  about  \  of  an  inch 
(j  vim}j  from  the  margin  of  it. 

Such  is  an  outline  of  the  anatomy  of  the  parts  concerned  in 
a  femoral  hernia.  The  normal  anatomy  in  each  case  being 
similar,  it  might  be  supposed  that  all  operations  for  the  relief  of 


Fig.  227. — View  of  the  Different  Directions  which  an  Abnormal  Obturator  Artery 
MAY  take.     (Seen  from  above.) 

A.  I.  C'limbernat's  Ligament.  2.  Femoral  ring.  3.  Abnormal  obturator  artery.  4.  External  iliac 
vein.  5.  F.xtemal  iliac  artery.  6.  Diminutive  obturator  artery  arising  from  its  normal  source. 
B.  I.  Gimbernat's  ligament.  2.  Abnormal  obturator  artery.  3.  Femoral  ring.  4.  External 
iliac  vein.     j.    External  iliac  artery.    6.   Diminutive  obturator  artery. 

this  kind  of  hernia  would  be  straightforward  and  pretty  much 
alike ;  but  this  is  very  far  from  being  the  case  ;  indeed,  sur- 
geons agree  that  they  never  operate  without  the  expectation  of 
meeting  some  peculiarity. 

Dissection.  —  The  fascia  must  now  be  removed  from  the 
front  aspect  of  the  thigh  without  disturbing  the  subjacent 
muscles  from  their  relative  positions.  The  mass  of  muscles 
on  the  inner  side  of  the  thigh  consists  of  the  adductors  ;  that  in 
the  middle,  of  the  extensors  ;  the  long  thin  muscle  crossing  the 
ventral  aspect  obliquely  from  the  outer  to  the  inner  side  is 
the  sartorius.  In  the  middle  are  seen  the  femoral  vessels,  and 
the  crural  nerve  emerging  beneath  the  crural  arch. 

Sartorius. — This,  a  narrow,  flat  muscle  (Fig.  228),  arises 
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from  the  anterior  superior  spine  of  the  ilium,  and  from  the 
ridge  below  to  the  extent  of  an  inch  (2.^  cm.).  It  passes 
obliquely  like  a  strap  over  the  front  aspect  of  the  thigh  towards 
the  inner  side,  and  then  descends  almost  perpendicularly  on 
the  inner  side  of  the  thigh  as  far  as  the  knee,  where  it  termi- 
nates in  a  flat  tendon  which  expands,  and  is  inserted  into  the 
inner  and  front  part  of  the  tibia  just  below  its  tubercle. 
The  tendon  appears  all  the  wider  on  account  of  its  broad 
connection  with  the  fascia  of  the  leg,  which  extends  pedad 
to  the  internal  malleolus.  The  broad  insertion  of  this  mus- 
cle lies  anterior  and  covers  the  tendinous  insertions  of  the  gra- 
cilis and  semi-tendinosus,  and  between  them  is  a  bursa.  A 
large  bursa  *  is  interposed  between  the  tendon  and  the  internal 
lateral  ligament.  The  chief  action  of  the  muscle  is  to  fix  the 
pelvis  steadily  on  the  thigh.  It  first  bends  the  leg  upon  the 
thigh,  and  then  bends  the  thigh  upon  the  abdomen,  abduct- 
ing and  slightly  rotating  it  laterally.  It  crosses  one  leg  over 
the  other,  as  tailors  sit  when  at  work.  If  the  leg  be  the  fixed 
point,  it  will  bend  the  trunk  upon  the  thigh  and  rotate  the 
pelvis  inwards.  Its  nerve  comes  from  the  middle  cutaneous 
branch  of  the  crural. 

Scarpa's  Triangle.  —  In  consequence  of  the  oblique  direc- 
tion of  the  upper  or  cephal  third  of  the  sartorius,  a  triangle  is 
formed,  which  has  this  muscle  and  the  adductor  longus  for  its 
two  sides,  and  the  crural  arch  for  its  base  ;  the  triangle  is 
called  Scarpa! s.-\ 

Its  floor  or  dorsal  aspect  is  formed  by  the  iliacus,  the  psoas, 
the  pectineus,  and  the  abductor  longus,  with  sometimes  the 
adductor  brevis  between  the  borders  of  the  two  latter  muscles. 
The  contents  of  this  important  space  should  be  carefully  dis- 
played, and  their  relative  positions  well  studied.  This  triangle 
contains  all  the  parts  which  pass  under  or  dorsad  to  the  crural 
arch,  namely,  from  without  inwards,  the  external  cutaneous 
nerve,  close  to  the  anterior  spine  of  the  ilium  ;  the  iliacus  and 
psoas  ;  the  crural  nerve  and  its  divisions,  especially  the  long 
saphenous  nerve  ;  the  crural  branch  of  the  genito-crural  nerve, 
the  common  femoral  artery  with  its  two  large  divisions,  the 
superficial  femoral  and  the  profunda,  which  run  down,  nearly 
parallel  to  each  other,  the  latter  being  the  more  external  and 

*  In  persons,  females  especially,  who  are  in  the  habit  of  riding,  this  bursa 
sometimes  becomes  enlarged. 

t  So  called  in  compliment  to  the  Italian  anatomist  who  first  tied  the  femoral  in 
it  for  popliteal  aneurism. 
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giving  off  the  internal  and  external  circumflex  arteries ;  the 
femoral  vein,  joined  by  the  profunda  vein  and  the  long  saphena, 
and  the  pectineus  muscle  with  the  deep  external  pudic  artery. 

The  triangle  is  important  in  a  surgical  point  of  view,  since  it 
is  in  this  space  that  the  femoral  artery  is  usually  ligatured  for 
popliteal  aneurism.  The  guide  to  the  artery  is  the  inner  border 
of  the  sartorius.  The  situation  at  which  this  muscle  crosses 
over  the  femoral  artery  varies  from  one  and  a  half  to  four  and 
a  half  inches  {J.8  to  1 1. J  cm.) 
below  to  Poupart's  ligament ; 
so  that  no  rule  can  be  laid 
down  as  to  the  exact  situa- 
tion where  the  artery  disap- 
pears beneath  or  dorsad  to 
the  sartorius.  The  best  way 
to  find  the  inner  border  of  the 
muscle  during  life  is  to  make 
the  patient  put  it  in  action. 

Adductor  Muscles.  —  A 
strong  group  of  muscles, 
called  the  adductors,  extends 
along  the  inner  side  of  the 
thigh,  from  the  pelvis  to  the 
femur.  Their  two  most  im- 
portant actions  are  to  co- 
operate in  balancing  the 
pelvis  steadily  on  the  thigh, 
as  in  standing  on  one  leg,  and 
(if  the  fi.xed  point  be  reversed) 
to  draw  together  or  adduct 
the  thighs,  at  the  same  time 
rotating  the  thigh  externally 
and  internally.  They  are  five 
in  number,  and  are  supplied, 

with  one  exception — the  pectineus  —  by  the  same  nerve, 
namely,  the  obturator.  They  are  termed,  respectively,  the  gra- 
cilis, adductor  longus,  pectineus,  adductor  brevis,  and  adductor 
magnus.  The  innermost,  or  most-mesial,  is  the  gracilis  ;  to 
clean  it  properly  it  should  be  stretched  by  separating  one  thigh 
from  the  other. 

Gracilis. —  This  long,  flat  muscle  arises  by  a  broad,  ribbon- 
like  tendon  two  or  three  inches  (5  to  J.^  cm.)  in  breadth,  from 


Fig.  228.  —  Diagram  of  Scarpa's  Triangle. 
I.  Sartorius.  2.  Adductor  longus.  3.  External 
cutaneous  n.  4.  lliacus  internus.  5.  Anterior 
crural  n.  6.  Femoral  artery.  7.  Femoral  vein. 
8.  Pectineus.  g.  Long  saphenous  n.  10.  In- 
ternal cutaneous  n.  11.  Nerve  to  vastus  inter- 
nus.    12.  Middle  cutaneous  n. 
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the  OS  pubis  close  to  the  symphysis,  and  from  the  inner  margin 
of  the  rami  of  the  os  pubis  and  ischium  (Fig.  229).  It  descends 
almost  perpendicularly  on  the  inner  side  of  the  thigh,  and  ter- 
minates in  a  thin,  round  tendon  which  subsequently  spreads  out 
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Fig.  229. —  Internal  or  Mesial  Muscles  of  the  Thigh. 

I.  Iliacus.  2.  Psoas  magnus.  3.  Obturator  internus  or  dor- 
salis.  4.  PyramidaJis.  5.  Gluteus  maximus.  6.  Sartorius. 
7.  Gracilis.  8.  Semi-tendinosus.  g.  Semi-membranosus. 
10.  Tendon  of  the  sartorius  and  its  fibrous  expansion.  11. 
Tendon  of  the  gracilis.  12.  Tendon  of  the  semi-tendinosus. 
13.  Common  fibrous  expansion.  14.  Tendon  of  the  semi- 
membranosus.    15.  Rectus  femoris.     16.  Vastus  internus. 


Fig.  230. —  Pectineus  and 
Adductors. 

I.  Femur.  2.  Os  innominatus. 
3.  Pubis.  4.  Pectineus.  5. 
Adductor  longus.  6.  Lower 
or  long  portion  of  the  ad- 
ductor magnus.  7.  Tendon 
of  origin  of  the  rectus  fem- 
oris. 8.  Vascular  foramina. 
9.  Hunter's  canal. 
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and  is  inserted  into  the  inner  side  of  the  upper  part  of  the  tibia 
below  to  the  tubercle,  immediately  behind  or  dorsad  to  the 
sartorius  and  above  to  the  semi-tendinosus.  The  tendon  plays 
over  the  internal  ligament  of  the  knee-johit,  and  there  is  a 
bursa  common  to  it  and  the  semi-tedinosus  to  diminish  fric- 
tion. This  muscle  assists  in  fixing  the  pelvis  and  in  adducting 
the  thigh  ;  it  further  helps  to  bend  the  knee.  The  action  of 
this  muscle  differs  slightly  in  the  vertical  and  the  horizontal 
positions.  Vertical:  external  rotation,  adduction,  flexion,  ex- 
ternal rotation  with  knee  flexed  at  90°  ;  adduction  with  knee 
flexed  90°,  flexion  with  knee  flexed  90°.  Its  nerve  comes  from 
the  anterior  division  of  the  obturator. 

Horizontal:  femur  flexed  90°  :  adduction,  internal  rotation. 
External  rotation  by  lowering  the  femur  two  or  three  inches. 
Extension  adduction  with  knee  flexed  90°.  External  rotation 
with  knee  flexed  90°.      Extension  with  knee  flexed  90°.* 

Adductor  Longus. — This  triangular  muscle  lies  between 
the  gracilis  and  the  pectineus,  and  arises  by  a  round  tendon 
from  the  front  or  ventral  surface  of  the  body  of  the  os  pubis 
below  or  caudad  to  the  crest  (Fig.  230).  As  it  descends,  the 
muscle  becomes  broader,  and  passing  downwards,  outwards,  and 
backwards,  is  inserted  by  a  broad  aponeurosis  into  the  middle 
third  of  the  inner  margin  of  the  linea  aspera  of  the  femur.  It 
forms  with  the  sartorius  the  triangular  space  called  Scarpa's 
triangle,  above  described.  It  rests  upon  or  is  ventrad  to  the 
adductor  brevis  and  magnus,  the  profunda  vessels,  and  the  ante- 
rior branches  of  the  obturator  vessels  and  nerve.  The  action  of 
this  muscle  in  the  vertical  line,  that  is  with  femur  vertical,  is 
that  of  external  rotation,  adduction,  and  flexion.  Horizontal: 
flexed  at  90°  adduction  :  external  rotation  and  extension.  It  is 
femur  supplied  by  the  anterior  division  of  the  obturator  nerve. 

Pectineus.  — This  muscle  lies  on  the  same  plane,  but  exter- 
nal or  laterad  to  the  adductor  longus,  from  which  it  is  separated 
by  a  slight  interval,  in  which  may  be  seen  the  adductor  brevis 
and  the  anterior  or  ventral  division  of  the  obturator  nerve  (Fig. 
230).  It  arises  from  the  linea  ilio-pcctinea,  from  the  triangular 
surface  of  the  os  pubis  in  front  of  or  ventrad  to  the  line,  and 
from  the  fascial  prolongation  of  Gimbernat's  ligament  covering 
the  muscle ;  it  passes  downwards,  outwards,  and  backwards,  or 

*  Phila.  Med.  Jour.  Prize  contest  T.  1.99.  Rotators  of  the  Femur  and  their 
other  Functions,  by  Eb.  W.  Thomas,  M.D.,  I'hiladelphia. 
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caudo-latero-aorsad,  and  is  inserted  into  the  upper  or  cephal  part 
of  the  ridge  leading  from  the  lesser  trochanter  to  the  linea 
aspera.  It  lies  upon  the  capsular  ligament  of  the  hip-joint,  the 
adductor  brevis,  the  obturator  vessels  and  nerve,  and  the  obtu- 
rator externus  or  ventralis.  The  actioji  must  be  considered  in 
four  stages  .-  femur  vertical ;  Jiorisontal  or  fem2ir  flexed  90°  ;  in 
extreme  flexioji ;  and  diiri7ig  flexion. 

Femnr  Vertical. — The  muscle  is  an  external  rotator,  but  20° 
of  internal  rotation  it  becomes  neutral  in  its  action,  and  if  this 
internal  rotation  is  increased  it  becomes  just  as  powerful  an 
internal  rotator  ;  adductor ;  flexor. 

Hot  izontal,  femur  flexed  90° :  adductor,  external  rotator, 
flexor;  in  this  position,  however,  the  muscle  has  almost  ceased 
to  act  as  a  flexor,  and  exerts  all  its  force  in  adduction  and 
external  rotation. 

hi  Extj'eme  Flexioji.  —  The  insertion  being  on  a  more  su- 
perior plane  than  the  origin,  the  muscle  becomes  an  extensor. 

Dming  Flexion.  —  If  this  action  commences  with  the  ex- 
tremity rotated  externally,  and  ending  at  90°  flexion  as  an 
external  rotator,  the  same  function  is  performed  throughout 
flexion.  But  if  flexion  be  preceded  by  internal  rotation  beyond 
20°  it  will  remain  an  internal  rotator  until  flexion  reaches  90°, 
when  it  will  suddenly  change  to  an  external  rotator.  Its 
nerve  comes  from  the  crural  which  runs  under  or  dorsad  to 
the  femoral  vessels  to  enter  it  close  to  its  outer  border ;  some- 
times also  from  the  obturator,  and  the  accessory  obturator  if 
present  (p.  488). 

By  separating  the  contiguous  borders  of  the  pectineus  and 
the  adductor  longus,  the  adductor  brevis  is  exposed  with  the 
anterior  division  of  the  obturator  artery  and  nerve  lying  upon 
it.  To  obtain  a  complete  view  o'l  it,  the  pectineus  and  ad- 
ductor longus  must  be  reflected  from  their  origins  and  turned 
downwards.  The  obturator  nerve  supplies  all  the  adductors. 
It  leaves  the  pelvis  through  the  upper  part  of  the  obturator 
forameUj  and  soon  divides  into  an  anterior  and  posterior  branch  ; 
the  anterior  runs  in  front  "of  or  ventrad  to  the  adductor  brevis 
and  supplies  the  hip-joint,  the  adductor  longus,  the  gracilis,  and 
sometimes  the  adductor  brevis  and  the  pectineus  ;  the  posterior 
runs  behind  to  the  adductor  brevis,  and  supplies  it  as  well  as 
the  obturator  externus,  the  adductor  magnus,  and  the  knee-joint. 

The  student  should  now,  before  the  parts  are  disturbed,  ex- 
amine the  femoral  artery  as  it  passes  down  along  the  centre  of 
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Scarpa's  triangle  ;  its  further  course  will  be  described  later  on, 
as  well  as  the  branches  which  come  off  from  it. 

Course  and  Relations  of  the  Femoral  Artery. — The 
femoral  artery  is  a  continuation  of  the  external  iliac.  Passing 
beneath  or  dorsad  to  the  crural  arch  at  a  point  midway  between 
the  spine  of  the  ilium  and  the  symphysis  pubis,  it  descends 
along  the  front  and  inner  or  ventro-mesial  side  of  the  thigh. 
At  the  junction  of  the  upper  two-thirds  with  the  lower  third 
of  the  thigh,  it  passes  through  an  opening  in  the  tendon  of 
the  adductor  magnus,  and,  entering  the  ham,  takes  the  name  of 
popliteal.  A  line  drawn  from  the  point  indicated,  of  the  crural 
arch  to  the  adductor  tubercle  on  the  internal  condyle,  corre- 
sponds with  the  course  of  the  artery.  Its  distance  from  the 
surface  increases  as  it  descends.  Immediately  under,  and  for 
a  short  distance  below,  pedad  to  the  crural  arch,  it  is  supported 
by  the  inner  border  of  the  psoas  ;  lower  down  or  more  pedad  it 
runs  in  front  of  the  pectineus,  but  separated  from  it  by  the 
profunda  vessels  ;  still  lower  down  it  lies  upon  the  adductor 
longus,  and  then  upon  the  adductor  magnus. 

That  part  of  the  artery  which  extends  from  the  crural  arch 
to  the  giving  off  of  the  profunda  is  called  the  common  femoral 
artery ;  its  continuation  beyond  the  profunda  is  termed  the 
superficial  femoral ;  and  it  is  the  latter  vessel  which  is  ligatured 
for  aneurism  of  the  popliteal  artery. 

In  the  upper  third  of  the  thigh,  the  artery  is  situated  in 
Scarpa's  triangle,  and  is  comparatively  superficial,  having  m 
fro7it  the  skin,  superficial  fascia  and  fat,  inguinal  glands,  deep 
fascia,  the  fascia  lata,  the  crural  branch  of  the  genito-crural 
nerve,  and  the  sheath  of  the  femoral  vessels.  About  the 
middle  third  it  is  more  deeply  seated,  and  is  covered  in  addition 
by  the  sartorius,  and  lower  down  by  a  tendinous  aponeurosis, 
which  stretches  from  the  adductor  longus  and  magnus  over  to 
the  vastus  internus.  This,  which  forms  part  of  Hunter's  canal, 
will  be  examined  presently. 

The  femoral  artery  in  Scarpa's  triangle  lies  upon  the  psoas, 
the  two  branches  of  the  crural  nerve  to  the  pectineus,  the 
profunda  vein,  and  the  pectineus  ;  to  its  outer  side  it  has  the 
crural  nerve  (separated  from  it  by  a  few  fibres  of  the  ilio- 
psoas), the  profunda  artery,  and  the  long  saphena  nerve  ;  to  its 
inner  side  it  has  the  femoral  vein. 

Adductor  Brevis.  —  This  muscle  arises  from  the  front 
surface  of   the  body  of  the  os  pubis  below  the  spine,  and  from 
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its  descending  ramus  for  about  an  inch  (2.5  cm}j,  between  the 
gracilis  and  the  obturator  externus  ;  it  widens  as  it  descends 
outwards  and  backwards,  and  is  inserted  behind  the  pectineus 
into  the  whole  length  of  the  ridge  leading  from  the  lesser  tro- 
chanter to  the  linea  aspera.  Behind,  it  rests  upon  the  posterior 
division  of  the  obturator  vessels  and  nerve  and  the  adductor 
magnus.  The  action  considered  in  the  vertical  and  horizo7ital 
positions. 

Vertical:  external  rotation,  internal  rotation,  but  only  when 
internal  rotation  has  previously  taken  place  to  25°,  the  neutral 
point,  adduction  and  flexion. 

Horisojital  ox  feninr  flexed  to  go°  adduction,  external  rotation 
and  extension.  This  flexion  limit  is  40°.  Its  nerve  is  derived 
from  the  obturator.  By  reflecting  it  from  its  origin  the  follow- 
ing muscle  is  exposed.* 

Adductor  Magnus. — This  muscle  arises  from  the  lower 
part  of  the  descending  ramus  of  the  os  pubis  between  the 
adductor  brevis  and  obturator  externus  from  the  margin  of  the 
ascending  ramus  of  the  ischium,  and  from  the  lower  and  ante- 
rior or  caudo-ventral  part  of  the  tuberosity  of  the  ischium 
(Fig.  231).  Its  fibres  spread  out,  and  are  inserted  behind 
the  other  adductors  into  the  lower  part  of  the  linea  quadrati 
into  the  ridge  leading  from  the  great  trochanter  to  the  linea 
aspera,  also  into  the  whole  length  of  the  linea  aspera,  and  the 
ridge  leading  from  it  to  the  inner  condyle ;  while  those  fibres 
which  arise  from  the  tuberosity  of  the  ischium  pass  vertically 
downwards  or  pedad,  and  are  inserted  by  a  rounded  tendon  into 
the  adductor  tubercle  on  the  inner  condyle  of  the  femur.  Be- 
tween the  muscular  fibres  of  the  middle  and  lower  thirds  of  the 
insertion  of  this  muscle,  the  femoral  artery  passes  to  the  back 
or  dorsum  of  the  thigh.  The  upper  fibres  pass  transversely  out- 
wards to  their  insertion,  while  the  lower  fibres  descend  nearly 
vertically.  In  front  of  the  muscle  are  the  adductor  longus 
and  brevis,  the  vastus  internus,  the  obturator  nerve  and  artery, 
and  the  profunda  artery ;  above  it  are  the  internal  circumflex 
artery,  the  obturator  externus,  and  the  quadratus  femoris ;  be- 
hind it,  the  biceps,  semi-tendinosus  and  semi-membranosus,  the 
great  sciatic  nerve,  and  the  gluteus  maximus.  Its  nerve  comes 
from  the  posterior  division  of  the  obturator  and  the  great  sci- 

*  Beneath  the  adductor  brevis,  and  running  parallel  with  the  upper  border  of 
the  adductor  magnus,  is  seen  the  obturator  externus.  But  the  description  of  this 
muscle  is  deferred  till  the  dissection  of  the  external  rotators  of  the  thigh. 
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atic.  Observe  that  all  the  adductor  muscles  are  inserted  into 
the  femur  by  flat  tendons  more  or  less  connected.  The  action 
considered  in  the  ^'^r/zV^/ and  hoi  izontal  {ox  femur  flexed  at  go°) 
positions  gives  the  following  :  — 

Vertical  performs  external  rotation  ;  adduction ;  extension  ; 
external  rotation,  action  of  tubercle  of  insertion ;  internal 
rotation,  action  of  tubercle  of  insertion  ;  adduction,  action  of 
tubercle  of  insertion  ;  extension,  action  of  tubercle  of  inser- 
tion. 

Horizontal  or  femur  flexed  at  90°  performs  adduction  ;  exter- 
nal rotation ;  internal  rotation  ;  extension,  adduction,  action  of 
tubercle  of  insertion  ;  internal  rotation,  action  of  tubercle  of 
insertion;    extension,  action  of  tubercle  of  insertion. 

About  the  junction  of  the  upper  two-thirds  with  the  lower 
third  of  the  thigh  the  femoral  artery  passes  through  an  oval 
opening  in  the  tendon  of  the  adductor  magnus,  —  Hunter's 
canal. 

Psoas  Magnus  and  Iliacus. — These  muscles  have  been 
fully  described  in  the  dissection  of  the  abdomen  (p.  481). 

Tensor  Fasciae  Femoris.  —  This  muscle  is  situated  at  the 
upper  and  outer  part  of  the  thigh  (Fig.  232).  It  arises  from 
the  anterior  part  of  the  external  lip  of  the  crest  of  the  ilium, 
and  from  the  surface  below  the  anterior  superior  spine.  It 
descends  with  a  slight  inclination  backwards,  and  is  inserted  at 
the  junction  of  the  upper  with  the  middle  third  of  the  thigh, 
between  two  layers  of  the  strong  aponeurosis,  generally  de- 
scribed as  part  of  the  fascia  lata,  which  is  continued  downwards 
to  the  head  of  the  tibia,  and  is  called  the  ilio-tibial  ba}id{Y>.  600).* 
Its  chief  use  is  to  fix  the  pelvis  steadily  on  the  thigh,  and  to 
rotate  the  thigh  inwards ;  in  this  last  action  it  co-operates  with 
the  anterior  fibres  of  the  gluteus  medius,  with  which  it  is 
almost  inseparably  connected.  Anyone  may  convince  himself 
of  this  by  placing  his  hand  on  the  hip  and  rotating  the  thigh 
inwards.  Both  these  muscles  arc  supplied  by  the  same  nerve 
—  the  superior  gluteal. 

To  form  an  adequate  idea  of  the  strength,  extent,  and  con- 
nections of  the  aponeurosis  on  the  outer  side  of  the  thigh,  it 
should  be  separated  from  the  vastus  extcrnus  muscle  upon 
which  it  lies.     There  is  no  difficulty  in  doing  so,  for  it  is  united 

*  The  deeper  of  these  two  layers  runs  up  to  be  strongly  connected  with  the 
tendon  of  the  rectus  and  the  front  aspect  of  the  capsule  of  the  hip-joint. 
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Fig.  231.  —  Adduction  Magnus  and  Brevis. 

I.  Femur.  2.  Os  innominatus.  3.  Pubis.  4. 
Obturator  externus.  5.  Superior  portion  of 
the  adductor  magnus.     6,  7.  Adductor  brevis. 

8.  Middle   portion  of  the  adductor   magnus, 
almost  entirely  covered  by  the  adductor  brevis. 

9.  Inferior   portion  of  the  adductor  magnus. 

10.  Tendon  attached  to  the  internal  condyle. 

11.  Hunter's  canal.    12.  Vascular  foramen  for 
the  circumflex  vessels. 


Fig.  232.  —  Anterior  or  Ventral  Muscle 
OF  THE  Thigh. 

I.  Iliac  bone.  2.  Psoas  magnus.  3.  Ten- 
.sor  fasciae  femoris.  4.  Band  of  fibrous  tissue 
(or  sheath)  by  which  the  muscle  is  attached 
to  the  forepart  of  the  external  tuberosity  of 
the  tibia,  s-  Sartorius.  6.  Rectus  femoris. 
7.  Vastus  externus.  8.  Vastus  internus.  9. 
Gracilis.  10.  Adductor  longus.  11.  Pecti- 
neus. 


to  the  muscle  by  an  abundance  of  loose  connective  tissue.* 
With  a  little  perseverance  the  aponeurosis  can  be  traced  to  the 

*  When  this  tissue  becomes  the  seat  of  suppuration,  the  pus  is  apt  to  extend 
all  down  the  outside  of  the  thigh,  not  being  able  to  make  its  way  to  the  surface 
by  reason  of  the  dense  fascia. 
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linea  aspera,'  the  head  of  the  tibia,  and  the  fibula,  completely 
protecting  the  outer  side  of  the  knee-joint. 

Extensor  Muscles  or  Quadriceps  Extensor.  —  The 
powerful  fleshy  muscles  occupying  the  front  of  the  thigh,  and 
situated  between  the  tensor  fasciae  on  the  outer  side,  and  the 
adductors  on  the  inner,  are  the  extensors  of  the  leg.  One  of 
them,  the  rectus,  arises  from  the  pelvis  ;  the  other  arises  from 
the  shaft  of  the  thigh-bone  by  three  portions,  called,  respec- 
tively, the  crnrcus,  the  Vastits  internus,  and  extcrnns.  All  are 
supplied  by  the  crural  nerve. 

To  see  the  origins  of  the  rectus  femoris,  dissect  between  the 
origin  of  the  sartorius  and  the  tensor  fasciae  ;  in  doing  so,  avoid 
injuring  the  branches  of  the  external  circumflex  artery. 

Rectus  Femoris.  —  This  bipenniform  muscle  arises  from 
the  pelvis  by  two  strong  tendons,  which  soon  unite  at  an  acute 
angle  :  one  —  the  straight  tendon  —  is  round,  and  arises  from 
the  anterior  inferior  spine  of  the  ilium;  the  other  —  the  re- 
flected tendon  —  is  flat,  and  comes  from  the  rough  surface  of 
the  ilium,  just  abov^e  the  acetabulum  (Figs.  230,  7,  and  232). 
The  muscle  descends  along  the  front  aspect  of  the  thigh  and 
is  inserted  into  the  common  extensor  tendon,  which  will  be  pres- 
ently examined.  The  structure  of  this  muscle  is  remarkable. 
A  tendon  runs  down  the  centre,  and  the  muscular  fibres  are 
inserted  on  either  side  of  it,  like  the  vane  on  the  shaft  of  a 
feather.  Notice  also  that  the  surface  of  the  upper  part  of  the 
rectus  is  aponeurotic  in  front  and  muscular  behind,  while  the 
reverse  is  seen  at  the  lower  part  not  far  from  its  insertion. 
Its  nerve  comes  from  the  crural. 

Triceps  Extensor.  —  This  mass  of  muscle  invests  like  a 
cloak  the  greater  part  of  the  front  and  sides  of  the  shaft  of  the 
femur ;  therefore,  the  whole  of  it  cannot  be  seen  without  com- 
pletely dissecting  the  thigh.  It  consists  of  an  outer,  middle, 
and  inner  portion,  called,  respectively,  the  vastus  externus,  the 
crurcus,  and  the  vastus  internus. 

The  vastus  extermis  arises  (Fig,  232,  7)  by  a  strong,  glisten- 
ing aponeurosis  from  the  outer  side  of  the  base  of  the  great 
trochanter,  from  the  upper  third  of  the  anterior  intertrochanteric 
ridge,  from  the  rough  line  leading  from  the  greater  trochanter 
to  the  linea  aspera  external  to  the  gluteus  maximus,  from  the 
outer  lip  of  the  linea  aspera  nearly  down  to  the  external  con- 
dyle, and  also  slightly  from  the  external  intermuscular  septum. 
From  this  origin  the  fibres  pass  downwards,  forwards,  and  in- 
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wards,  or  pedo-ventro-mesial,  and  end  in  a  flattened  tendon, 
which  is  inserted  into  the  outer  half  of  the  upper  extremity 
and  the  external  margin  of  the  patella,  behind  the  rectus,  to 
form  part  of  the  common  extensor  tendon,  to  be ,  presently 
described,  and  by  a  thin  aponeurosis  is  prolonged  to  the  external 
tuberosity  of  the  tibia  and  the  deep  fascia  of  the  leg. 

The  vastus  intermis  and  criiretis  should  be  described  as  one 
muscle,  for  they  are  inseparably  connected  (Fig.  232,  8).  They 
arise  conjointly  by  an  aponeurosis  commencing  a  short  distance 
below  the  inner  two-thirds  of  the  anterior  intertrochanteric 
ridge,  from  the  upper  three-fourths  of  the  front  and  inner 
surfaces  of  the  shaft  of  the  femur,  from  the  entire  length  of 
the  inner  lip  of  the  linea  aspera,  and  from  the  internal  inter- 
muscular septum.  The  outer  bundle  of  muscular  fibres  —  the 
crureus  —  passes  vertically  downwards  or  pedad  ;  the  inner  — 
the  vastus  internus  —  descends  forwards  and  outwards  or  ventro- 
laterad,  and  both  are  inserted  by  a  common  aponeurosis  into  the 
inner  half  of  the  upper  extremity  and  the  internal  margin  of 
the  patella,  and  by  a  thin  aponeurosis  is  prolonged  to  the  inter- 
nal tuberosity  of  the  tibia  and  the  deep  fascia  of  the  leg.  The 
muscular  fibres  of  the  vastus  internus  extend  lower  than  those 
of  the  vastus  externus. 

A  few  of  the  deeper  fibres  of  the  crureus  are  inserted  into 
the  fold  of  the  synovial  membrane  of  the  knee-joint  which  rises 
above  the  patella.  These  are  described  as  a  distinct  muscle, 
under  the  name  of  the  sub-crureus.  Their  use  is  to  raise  the 
synovial  membrane,  so  that  it  may  not  be  injured  by  the  play 
of  the  patella.  Since  the  triceps  is  connected  to  the  lower 
or  pedad  part  of  the  shaft  of  the  femur  only  by  loose  connective 
tissue,  there  is  nothing  to  prevent  the  distension  of  the  synovial 
membrane,  in  cases  of  inflammation,  to  the  extent  of  several 
inches  above  the  patella. 

Common  Extensor  Tendon.  —  The  tendon  of  the  rectus, 
gradually  expanding,  becomes  connected  on  its  under  or  dorsal 
surface  with  the  tendon  of  the  crureus,  and  on  either  side  with 
that  of  the  vasti,  and  is  firmly  fixed  into  the  upper  part  and 
sides  of  the  patella.  From  this  bone  the  common  extensor 
tendon  —  the  ligamentuin  fatellcz  —  descends  over  the  front  of 
the  knee-joint,  and  is  inserted  into  the  rough  part  of  the  tubercle 
of  the  tibia.  Besides  this,  the  lower  fibres  of  the  vasti  terminate 
on  a  sheet-like  tendon,  which  runs  wide  of  the  patella  on  either 
side,  and  is  directly  inserted  into  the  sides  of  the  head  of  the 
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tibia  and  fibula,  so  that  the  knee  is  completely  protected  all 
round.  The  patella  is  a  large  sesamoid  bone,  interposed  to 
facilitate  the  play  of  the  tendon  over  the  condyles  of  the  femur  ; 
it  not  only  materially  protects  the  joint,  but  adds  to  the  power 
of  the  extensor  muscles  by  increasing  the  angle  at  which  the 
tendon  is  inserted  into  the  tibia. 

To  facilitate  the  play  of  the  extensor  tendon  there  are  two 
bursae.  One  is  placed  between  the  ligamentum  patellae  and  the 
smooth  part  of  the  tubercle  of  the  tibia,  the  other  between  the 
crureus  and  the  lower  or  ventro-pedad  part  of  the  femur.  This 
last  is  of  considerable  size.  In  early  life  it  is,  as  a  rule,  distinct 
from  the  synovial  membrane  of  the  knee-joint ;  but  after  a  few 
years  a  wide  communicatic^  frequently  exists  between  them. 

Action  of  the  Extensor  Muscles.*  — The  extensor  muscles 
of  the  thigh  are  among  the  most  powerful  in  the  body.  Great 
power  of  extending  the  knee  is  one  of  the  essential  conditions 
of  the  erect  attitude.  Without  it,  how  could  we  rise  from  the 
sitting  position .''  When  erect,  how  could  we  walk,  run,  or 
spring .''  The  rectus,  by  taking  origin  from  the  pelvis,  gains  a 
double  advantage  :  it  acts  upon  two  joints  simultaneously,  bend- 
ing the  thigh  while  it  extends  the  knee,  as  when  we  advance 
the  leg  in  walking ;  it  also  contributes  to  balance  the  pelvis  on 
the  head  of  the  thigh-bone,  and  thus  prevents  the  body  from 
falling  backwards.  We  cannot  have  a  better  proof  of  the 
power  of  the  extensor  muscles  than  when  the  patella  is  broken 
by  their  sudden  contraction  —  an  injury  which  sometimes  hap- 
pens when  a  man,  slipping  backwards,  makes  a  violent  effort  to 
recover  his  balance. 

Bursa  over  the  Patella.  —  The  skin  over  the  patella  is 
exceedingly  loose,  and  in  the  subcutaneous  tissue  is  a  bursa  of 
considerable  size.  Since  this  bursa  is  apt  to  enlarge  and  in- 
flame in  females  who  are  in  the  habit  of  kneeling  at  their  work, 
it  is  generally  called  the  hoHscmaid's  bursa.  The  bursa  is  not 
seated  precisely  over  the  patella,  but  extends  some  way  down 
or  pedad  on  the  ligamentum  patellar ;  indeed,  in  some  cases  it 
is  entirely  confined  to  this  ligament.  This  corresponds  with 
the  position  of  the  tumor  which  the  bursa  occasions  when 
enlarged.     Generally  speaking,  in  subjects  brought  for  dissection, 

*  The  rectus,  two  vasti,  crureus,  are  mentioned  by  many  authors  as  the  quadri- 
ceps extensor  muscles,  because  of  their  united  action  upon  the  patella;  but  as 
the  rectus  is  the  only  one  of  the  four  that  can  be  easily  separated  in  the  dissection 
it  has  l>een  described  separately.  —  A.  H. 
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the  wall  of  the  bursa  is  more  or  less  thickened,  and  its  centre 
intersected  by  numerous  fibrous  cords,  remnants  of  the  original 
cellular  structure  altered  by  long-continued  friction.  Again, 
the  wall  of  the  bursa  does  not  always  form  a  complete  sac ; 
sometimes  there  is  a  wide  opening  in  it :  this  explains  the  ra- 
pidity with  which  inflammation,  in  some  cases,  extends  from  the 
bursa  into  the  surrounding  areolar  tissue. 

Below  or  dorsad  to  the  bursa  is  a  layer  of  fascia  lata,  and 
under  or  dorsad  to  this  is  a  network  of  arteries.  The  immediate 
covering  of  the  bone,  or  what  may  be  called  its  periosteum,  is 
a  strong  expansion  derived  from  the  extensor  tendon.  This  is 
interesting  for  the  following  reason :  in  ordinary  fractures  of 
the  patella  from  muscular  action  the  tendinous  expansion  over 
it  is  torn  also ;  the  ends  of  the  bone  gape  widely,  and  never 
unite  except  by  ligament.  But  in  fractures  from  direct  me- 
chanical violence,  the  tendinous  expansion,  being  entire,  main- 
tains the  fragments  in  apposition,  so  that  there  is  commonly  a  ■ 
bony  union. 

The  remaining  part  of  the  femoral  artery  can  now  be  exam- 
ined after  the  sartorius  has  been  cut  through  near  its  centre 
and  both  ends  reflected.  This  part  of  its  course  corresponds  to 
the  middle  third  of  the  thigh,  and  is  contained  in  Hunter's 
canal. 

Femoral  Artery  in  Hunter's  Canal. — In  front  of  the 
artery  are  the  skin,  superficial  and  deep  fasciae,  the  long 
saphena  vein,  the  sartorius,  the  long  sa- 
phenous nerve,  and  the  aponeurotic  layer 
forming  the  anterior  boundary  of  Hunter's 
canal :  to  its  onter  side,  are  the  femoral 
vein  and  the  vastus  internus  ;  to  its  inner 
^'°'hu™"ca™l°"''"  ^^^^^  ^^^  t^s  adductor  longus,  the  adductor 
I.  Vastus  intemus.  2.  Ad-  magnus,  and  the  sartorius  ;  behind  it,  are 
rosfs°thro'^across.  ^°°^"'  the  adductor  longus,  the  femoral  vein,  and 
the  adductor  magnus.  The  artery  and 
vein  lie  close  together,  and  are  enclosed  in  a  common  sheath. 

Hunter's  Canal.  —  In  the  middle  third  of  the  thigh,  the 
femoral  artery  is  contained  in  a  tendinous  canal*  beneath  the 
sartorius,  called  Hunter  s  canal.     This  canal  at  its  upper  part  is 

*  Called  Hunter's  canal,  because  it  was  in  this  part  of  its  course  that  John 
Hunter  first  tied  the  femoral  artery  for  aneurism  of  the  popliteal,  in  St.  George's 
Hospital,  A.D.  1785.  The  particulars  of  this  interesting  case  are  published  in 
the  Trans,  for  the  Improvement  of  Med.  and  Chir.  Knowledge. 
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rather  indistinct ;  but  it  gradually  becomes  stronger  towards  the 
opening  in  the  tendon  of  the  adductor  magnus.  Its  boundaries 
are  formed  by  the  tendons  of  the  muscles  between  which  the 
artery  runs.  On  the  inner  side  are  the  tendons  of  the  adductor 
longus  and  magnus ;  on  the  outer  side  is  the  tendon  of 
the  vastus  internus ;  in  front,  the  canal  is  completed  by  an 
aponeurotic  expansion  thrown  obliquely  across  from  the  adduc- 
tors to  the  vastus  internus,  as  shown  in  Fig.  233.  In  a 
horizontal  section  the  canal  appears  triangular.  The  adap- 
tation of  this  shape  to  the  exigencies  of  the  case  is  manifest 
when  we  reflect  that  the  muscles  keep  the  sides  of  the  triangle 
always  tight,  and  thereby  prevent  any  compression  of  the 
vessels. 

Hunter's  canal  contains  not  only  the  femoral  artery  and  vein, 
but  the  internal  saphenous  nerve.  The  vein  lies  behind  and  to 
the  outer  side  (dorso-laterad)  ;  the  nerve  crosses  over  the  artery 
from  the  outer  to  the  inner  side. 

A  ligature  can  be  placed  around  the  artery,  in  the  upper  or 
cephal  third  of  the  thigh,  with  comparative  facility  ;  not  so  easily 
in  the  middle  third.  The  artery  is  tied  for  an  aneurism  of  the 
popliteal,  just  where  the  sartorius  begins  to  overlap  (or  is  ven- 
trad  to)  it,  for  three  reasons  :  (i)  it  is  more  accessible;  (2)  the 
coats  of  the  artery  at  this  distance  are  less  likely  to  be  diseased  ; 
(3)  the  origin  of  the  profunda  is  sufficiently  far  off  to  admit 
of  the  formation  of  a  clot.  An  incision  beginning  about  three 
inches  {J.^  cm.)  below  or  pedad  to  the  crural  arch  should  be 
made  about  three  inches  {J.^  cm.)  long  over  the  line  of  the 
artery.  The  muscular  fascia  should  be  divided  on  a  director 
to  the  same  extent.  Then,  by  gently  drawing  aside  the  inner 
border  of  the  sartorius,  the  artery  is  seen  inclosed  in  its  sheath 
with  the  vein.  An  opening  should  'be  made  into  the  sheath, 
which  must  be  carefully  separated  from  the  artery  to  an  extent 
sufficient  to  allow  the  passage  of  the  aneurismal  needle.  The 
needle  should  be  turned  round  the  artery  from  within  outwards, 
great  care  being  taken  not  to  injure  the  vein.  The  nerves  to  be 
avoided  are :  the  long  saphenous,  which  runs  along  the  outer 
side  of  the  artery,  and  the  internal  cutaneous,  which  crosses 
obliquely  over  it. 

Having  already  traced  the  superficial  branches  of  the  femoral 
artery  in  the  groin,  namely,  the  superficial  epigastric,  the  exter- 
nal pudic,  and  the  superficial  circumflcxa  ilii  (p.  596),  we  pass 
tm  now  to  the  profunda. 
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Profunda  Artery  and  Branches.  —  The  profunda  femoris, 
the  chief  branch  of  the  femoral,  is  the  proper  nutrient  artery  of 
the  muscles  of  the  thigh,  and  is  considered  as  a  division,  rather 
than  a 'branch,  of  the  common  femoral  artery.  It  is  given  off 
from  the  outer  and  back  (latero-dorsal)  part  of  the  femoral, 
from  one  and  a  half  to  three  inches  {J.S-'J.^  cm.)  below  or 
pedad  to  the  crural  arch,  lying  to  the  outer  side  of  the  artery 
for  about  two  inches  {^  cm.),  and  then  runs  down  behind  (pedo- 
dorsally)  to  the  femoral  till  it  reaches  the  tendon  of  the  adductor 
longus ;  here  the  profunda  passes  behind  or  dorsad  to  the  ad- 
ductor, and,  piercing  the  adductor  magnus  as  a  small  branch,  is 
finally  lost  in  the  hamstring  muscles.*  In  most  subjects  the 
profunda,  for  a  short  distance  after  its  origin,  lies  rather  on  the 
outer  side  of  the  femoral  and  on  a  deeper  or  dorsal  plane,  on 
the  iliacus :  in  this  situation  it  might  be  mistaken  for  the  super- 
ficial femoral  itself  —  indeed,  such  an  error  has  occurred  in 
practice.  It  soon,  however,  gets  behind  or  dorsad  to  the 
femoral,  and  lies  upon  the  pectineus,  the  adductor  brevis  and 
magnus ;  it  is  separated  from  the  femoral  artery,  at  first,  by 
their  corresponding  veins  ;  lower  down,  by  the  adductor  longus. 

The  branches  of  the  profunda  generally  arise  in  the  following 
order:  (i)  the  internal  circumflex  ;  (2)  the  external  circumflex; 
(3)  the  perforating. 

The  intej'ual  circumflex  is  given  off  from  the  inner  and  back  (mesiodorsal) 
part  of  the  profunda,  and  then  sinks  deeply  or  dorsally  into  the  thigh  between 
the  psoas  and  pectineus.  At  the  lower  border  of  the  obturator  externus  it  divides 
into  two  branches:  one  —  the  ascending — supplies  the  muscles  in  its  neighbor- 
hood, namely,  the  pectineus,  psoas,  adductors,  gracilis,  and  obturator  externus, 
anastomosing  with  the  obturator  artery ;  the  other  —  the  descetiding — passes  down 
to  behind  or  pedo-dorsad  to  the  adductor  brevis  to  supply  it  and  the  adductor 
magnus ;  the  continuation  of  the  artery  called  the  tratisverse  will  be  seen  in  the 
dissection  of  the  back  or  dorsum  of  the  thigh,  between  the  adductor  magnus  and 
the  quadratus  femoris.  This  latter  sometimes  gives  off  a  small  branch  to  the 
hip-joint,  which  runs  through  the  notch  in  the  acetabulum  to  the  ligamentum 
teres ;  it  aftei-wards  inosculates  with  the  sciatic,  the  external  circumflex,  and 
superior  perforating  arteries,  forming  the  crucial  anastomosis. 

The  external  circumflex  artery  comes  off  from  the  outer  side  of  the  profunda, 
runs  transversely  outwards  beneath  (dorsad  to)  the  sartorius  and  rectus  between 
the  branches  of  the  crural  nerve,  and  then  subdivides  into  three  sets  of  branches, 
ascending,  transverse,  and  descending.  The  ascending  run  up  to  the  outer  side 
of  the  ilium,  beneath  or  dorsad  to  the  tensor  fascise  and  gluteus  medius,  supply 
these  muscles,  and  inosculate  with  the  terminal  branches  of  the  gluteal  and  deep 

*  The  point  at  which  the  profunda  is  given  off,  below  or  pedad  to  the  crural 
arch  varies  very  much  even  in  the  two  limbs  of  the  same  body.  We  have  meas- 
ured it  in  19  bodies,  or  38  femoral  arteries.  It  varied  from  half  an  inch  to  3 
inches  {13  mm.  to  7.5"  c7}i).  In  22  cases  the  profundo  came  off  between  \\  and  2 
inches  {y.8 ^  cm)  ;  in  9  this  distance  was  exceeded;  in  7  this  distance  was  less. 
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circumflex  iliac  arteries.  The  transverse  pass  directly  outwards  over  or  lalero- 
ventrad  to  the  crureus,  then  enter  the  vastus  externus,  and  get  between  the  muscle 
and  the  femur.  They  inosculate  with  the  sciatic,  the  internal  circumflex,  the  gluteal, 
and  the  perforating  arteries.  The  descending,  two  or  more  in  number,  of  consider- 
able size,  run  down  or  pedad  between  the  rectus  and  crureus,  and  supply  both 
these  muscles :  one  branch,  larger  than  the  rest,  runs  in  the  substance  of  the  vastus 
externus,  along  with  the  nerve  to  that  muscle,  and  inosculates  with  the  superior 
articular  branches  of  the  popliteal. 

The  perforating  branehes  of  the  profunda  are  so  named  because  they  pass 
through  the  adductors  to  supply  the  hamstring  muscles.  There  are  generally 
four.  The  first  passes  between  the  pectineus  and  the  adductor  brevis,  then  pierces 
the  adductor  magnus,  and  communicates  with  the  interna)  and  external  circum- 
flex, the  sciatic,  and  second  perforating  arteries.  The  second,  the  largest,  passes 
through  the  tendons  of  the  adductor  brevis  and  magnus,  divides  into  an  ascend- 
ing and  a  descending  branch,  which  anastomose  respectively  with  the  first  and 
third  perforating  arteries.  It  usually  furnishes  the  nutrient  artery  of  the  femur. 
The  third,  given  off  below  the  adductor  brevis,  passes  through  the  tendon  of  the 
adductor  magnus. 

The  fourth,  or  terminal  branch,  passes  through  the  tendon  of  the  adductor 
magnus,  and  supplies  the  hamstring  muscles,  and  inosculates  with  the  perforating 
and  articular  arteries.  They  not  only  supply  the  hamstring  muscles  —  namely, 
the  biceps,  semitendinosus,  and  semimembranosus  —  but  the  vastus  externus,  and 
even  the  gluteus  maximus.  The  perforating  arteries  inosculate  with  one  another, 
with  the  internal  and  external  circumflex,  and  with  the  sciatic  arteries. 

Muscular  bmnches,  from  four  to  seven  in  number,  are  distrib- 
uted by  the  superficial  femoral  to  the  sartorius  and  the  vastus 
internus. 

The  anastouiotica  viagtia  arises  from  the  femoral  artery  just 
before  it  leaves  its  tendinous  canal.  It  emerges  through  or 
pedad  from  the  canal,  and  runs  in  front  of  or  ventrad  to  the 
tendon  of  the  adductor  magnus  in  company  with  the  long  sa- 
phenous nerve  to  the  inner  or  mesial  side  of  the  knee.  Here 
it  divides  into  two  branches  :  one,  the  superficial,  accompanies 
the  saphenous  nerve  beneath  or  dorsad  to  the  sartorius,  and  is 
subsequently  distributed  to  the  skin  ;  the  other,  the  deep,  enters 
the  vastus  internus,  ramifies  over  or  ventrad  to  the  capsules, 
and  communicates  with  the  other  articular  arteries.* 

Arterial  Inosculations.  —  If  the  common  femoral  were  tied 
above  or  cephalad  to  the  origin  of  the  profunda,  how  would  the 
circulation  be  carried  on  }  The  gluteal,  the  ilio-lumbar,  and 
the  circumflex  iliac  communicate  with  the  ascending  branch  of 
the  external  circumflex;  the  obturator  and  sciatic  communicate 
with  the  internal  circumflex  (Fig.  2^4)  ;  the  artcria  comes  nervi 
ischiatici  communicates  with  branches  from  the  lower  perforat- 

*  In  its  course  down  the  thigh  the  femoral  artery  gives  off  a  branch  of  con- 
siderable size  for  the  supi)ly  of  the  vastus  internus.  We  may  trace  this  branch 
through  the  substance  of  the  vastus  down  to  tlie  patella,  where  it  joins  the  net- 
work of  vessels  on  the  surface  of  that  bone. 
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ing  and  popliteal  arteries.  Again,  how  is  the  circulation  main- 
tained when  the  superficial  femoral  is  tied  below  the  profunda  "i 
The  descending  branch  of  the  external  circumflex  and  the  per- 
forating branches  of  the  profunda  communicate  with  the  articu- 
lar branches  of  the  popliteal  and  the  tibial  recurrent.* 

Crural  Nerve. — The  crural  nerve  is  the  largest  branch  of 
the  lumbar  jslexus  (p.  489).      It  comes  from  the  third  and  fourth 

lumbar  nerves,  also  by  a  small 
fasciculus  from  the  second.  It 
passes  beneath  or  dorsad  to  the 
crural  arch,  lying  in  the  groove 
between  the  iliacus  and  psoas, 
about  a  quarter  of  an  inch  to 
the  outer  side  of  the  artery., 
and  soon  divides  into  branches, 
some  of  which  are  cutaneous, 
but  the  greater  number  supply 
the  extensor  muscles  of  the 
thigh.  The  cutaneous  branches, 
already  described  (p.  599),  and 
the  long  saphenous  nerve,  are 
given  off  from  the  superficial 
part  of  the  trunk  ;  the  muscular 
from  the  deep  part. 

The  long  internal  saphenous  nerve^  the 
largest  of  the  cutaneous  branches,  de- 
scends close  to  the  outer  side  of  the 
femoral  artery,  and  enters  the  tendinous 
canal  with  it  in  the  middle  third  of  the 
thigh.  In  the  canal  it  crosses  over  or 
ventrad  to  the  artery  to  its  inner  side. 
The  nerve  leaves  the  artery  just  before 
it  becomes  popliteal,  and  then  runs  in 
company  with  the  anastomotica  magna 
to  the  inner  side  of  the  knee,  where  it 
becomes  superficial,  between  the  gracilis 
and  the  sartorius.  In  the  middle  third 
of  the  thigh  it  gives  off  a  sm.all  branch 
which  communicates  beneath  the  fascia 
lata  with  the  internal  cutaneous  and  ob- 
turator nerves ;  and  lower  down  another 

branch  is  distributed  to  the  skin  over  the  patella.     Its  further  relations  will  be 

seen  in  the  dissection  of  the  leg  and  foot. 

The  muscular  branches  are  to  be  traced  to  the  sartorius,  rectus,  crureus,  and 

subcnireus  ;    the   branch   to   the   vastus    externus    accompanies    the    descending 

*  Read  the  account  of  the  dissection  of  an  aneurismal  limb  by  Sir  A.  Cooper, 
Md.  Chir.  Trans.,  vol.  ii.,  1811. 


Fig.  234.  —  Plan  of  the  Inosculations 
OF  THE  Circumflex  Arteries. 

I.  Crural  Arch.  2.  Internal  iliac.  3.  Super- 
ficial femoral.  4.  Profunda.  5.  Internal 
circumflex.  6.  External  circumflex.  7. 
First  perforating.  8.  Second  ditto.  9. 
Third  ditto.  10.  Gluteal.  11.  Obturator. 
12.  Sciatic.     13.  Anastomotica  magna. 
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branch  of  the  external  circumflex  artery,  and  sends  a  filament  to  the  knee-joint ; 
that  to  the  vastus  internus  runs  parallel  with,  but  external  to,  the  long  saphenous 
nerve  and  supplies  filaments  to  the  knee-joint.  One  branch,  often  two,  passes 
under  or  dorsad  to  the  femoral  artery  and  vein  to  enter  the  anterior  or  ventral  sur- 
face of  the  pectineus. 

The  obturator  nerve,  also  a  branch  of  the  lumbar  plexus,  aris- 
ing from  the  second,  third,  and  fourth  lumbar  nerves  (p.  489), 


.  The  crural. 
Branch  to  ihe  iliacus. 

.  Filament  to  the  psoas 
magnus. 

,  Three  branches  of  the 
crural  to  the  skin, 
divided  to  show  the 
deeper  branches. 

,  6.  Muscular  filaments 
of  the  superficial  por- 
tion. 

Internal  cutaneous, 
which  pierces  the  fas- 
cia lata. 

.  Anastomosing  branch 
of  the  internal  cuta- 
neous. 

.  Branch    to  the  rectus 
femoris. 
Branch   to   the   vastus 
extern  us. 

,11.  Branch  to  the  vas- 
tus intemus. 
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12.   Internal,   or  long, 
saphena  nerve. 

Patellar  branch  of  this 
nerve. 

Its  vertical  branch. 

Obturator  nerve. 

Its  branch  to  adductor 
longus. 

Its  branch  to  the  ad- 
ductor brevis. 
18.  Its  branch  to  the  gra- 
cilis. 
ig.  Its  branch  to  the  ad- 
ductor magnus. 

20.  Lumbo-sacral  trunk. 

21.  Union     of    this   trunk 

and    the    first   sacral 
nerve. 

22.  22.  Lumbar  and  sacral 

portion  of  the  sympa- 
thetic. 

23.  External       cutaneous 
nerve . 


Fio.  235.  —  Nerves  on  the  Anterior  or  Ventral  Part  op  the  Thigii. 


supplies  the  adductor  muscles.  It  enters  the  thigh  through  the 
upper  or  ventral  part  of  the  obturator  foramen  above  the  cor- 
responding artery,  and  immediately  divides  into  two  branches, 
of  which  one  passes  in  front  of  or  ventrad  to,  the  other  be- 
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hind  or  dorsad  to,  the  adductor  brevis.  The  anterior  branch 
subdivides  for  the  supply  of  the  gracihs,  the  adductor  longus, 
and  sometimes  the  adductor  brevis  and  pectineus  ;  it,  moreover, 
sends  a  filament  to  the  hip-joint,  another  to  the  femoral  artery, 
and  a  third  forms  a  plexiform  communication  at  the  lower  bor- 
der of  the  adductor  longus  with  the  internal  cutaneous  and  long 
saphenous  nerves.  The  posterior  branch  supplies  the  obturator 
externus,  the  adductor  brevis  and  magnus.  In  some  bodies 
you  can  trace  a  filament  of  this  nerve  through  the  notch  of  the 
acetabulum  into  the  hip-joint,  and  another,  which  runs  near 
the  popliteal  artery, 'into  the  back  or  dorsal  part  of  the  knee- 
joint.  We  have  frequently  seen  cutaneous  branches  from  the 
obturator  on  the  inner  side  of  the  thigh.  This  is  interesting 
practically,  since  it  helps  to  explain  the  pain  often  felt  on  the 
inner  side  of  the  knee  in  disease  of  the  hip-joint. 

The  accessory  obturator  nerve,  when  present,  comes  either  from 
the  obturator  nerve  or  from  the  third  and  fourth  lumbar  nerves. 
Descending,  it  nms  between  the  horizontal  ramus  of  the  os 
pubis  and  the  pectineus,  and  supplies  a  branch  to  this  muscle, 
also  a  filament  of  communication  to  the  anterior  branch  of 
the  obturator,  and  a  third  branch  to  the  hip-joint. 

The  obturator  artery,  after  passing  through  or  ventrally  the 
foramen,  divides  into  two  branches,  an  internal  and  an  external, 
which  form  a  circle  round  the  obturator  membrane.  These 
supply  the  external  obturator  and  adductors  of  the  thigh,  and 
inosculate  with  the  internal  circumflex  artery  (p.  624).  The 
latter  branch  sometimes  gives  off  the  small  artery  to  the  liga- 
mentum  teres  of  the  hip-joint. 


DISSECTION    OF   THE    FRONT    OF   THE    LEG. 

Surface  Marking.  — About  an  inch  (2.5  cm.)  below  or  pedad 
to  the  patella  is  the  prominent  tubercle  of  the  tibia,  to  which 
the  ligamentum  patellae  is  attached  ;  on  each  side  of  this  is  a 
depression,  filled  with  more  or  less  fat.  About  the  same  dis- 
tance below  the  outer  tuberosity  of  the  tibia  is  the  head  of 
the  fibula,  situated  far  back,  and  to  it  can  be  traced  the 
tense  tendon  of  the  biceps.  The  crest  of  the  tibia  is  easily  felt 
in  front,  commencing  above  at  the  outer  tuberosity,  and  passing 
down  nearly  vertically,  gradually  inclining  to  the  inner  side  so 
that  it  is  continuous  below  the  front  of  the  internal  malleolus. 
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Internal  to  the  crest  is  the  subcutaneous  internal  surface  of  the 
tibia,  and  externally  is  the  interval  between  the  tibia  and  the 
fibula,  which  is  filled  up  by  the  extensor  muscles.  The  lower 
fourth  of  the  fibula  is  subcutaneous,  ending  in  a  well-marked 
prominence,  the  external  malleolus,  which,  it  should  be  observed, 
descends  lower,  than  the  internal  malleolus.  The  student  should 
notice  well  the  tendons  which  surround  the  ankle-joint,  which 
are  easily  recognizable  under  the  skin  ;  thus,  behind,  the  tendo 
Achillis  protrudes  prominently,  having  a  deep  depression  on 
each  side  ;  on  the  outer  side,  the  tendons  of  the  peronei  longus 
and  brevis  are  felt,  the  latter  being  the  anterior.  Running  round 
the  inner  malleolus  we  can  only  feel  the  tibialis  posticus  close 
to  the  tibia,  and  next  to  it  the  flexor  longus  digitorum;  in  front  of 
the  ankle,  but  ensheathed  by  the  anterior  annular  ligament,  can 
be  felt,  from  within  outwards,  the  strong  tendon  of  the  tibialis 
anticus,  the  extensor  proprius  hallucis,  and  the  long  extensor  of 
the  toes  with  the  peroneus  tertius. 

The  foot  should  be  turned  inwards,  and  fixed  in  this  position. 
An  incision  must  be  made  pedad  from  the  knee  ventrally  to  the 
leg,  ankle,  foot,  and  great  toe ;  a  second,  at  right  angles  to  the 
first,  on  either  side  of  the  ankle ;  a  third,  across  the  bases  of 
the  toes.  Reflect  the  skin  from  the  front  and  sides  of  the  leg 
and  foot. 

Cutaneous  Veins  and  Nerves.  —  Having  traced  the  inter- 
nal saphena  vein  (p.  598)  to  the  inner  side  of  the  knee,  follow 
it  down  the  inner  side  of  the  leg,  in  front  of  the  inner  malle- 
olus *  to  the  dorsum  of  the  foot.  On  the  dorsum  of  the  foot 
notice  that  the  principal  veins  form  an  arch,  with  the  convexity 
forwards,  as  on  the  back  or  dorsum  of  the  hand.  This  arch  re- 
ceives the  veins  from  the  toes.  From  the  inner  side  of  the  arch 
the  internal  long  sapJicna  originates ;  from  the  outer  side,  the 
external  saphena.  The  latter  vein  commences  on  the  outer  side 
of  the  arch  on  the  dorsum,  runs  behind  the  external  malleolus, 
along  the  outer  border  of  the  tendo  Achillis  up  the  back  or  dor- 
sum of  the  calf  of  the  leg,  between  the  two  heads  of  the  gas- 
trocnemius, and  finally  pierces  the  deep  fascia  at  the  lower  or 
pedad  part  of  the  popliteal  space,  to  join  the  popliteal  vein. 
The  external  saphenous  nerve  accompanies  this  vein,  as  the  long 
saphenous  nerve  does  the  internal  saphena  vein. 

*  The  French  rommonly  bleetl  from  the  internal  saphena  vein  as  it  crosses 
over  the  inner  malleolus,  this  being  a  convenient  and  safe  place  for  venesection. 
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Long  Saphenous  Nerve.  —  The  skin  on  the  inner  side  of 
the  leg  is  supplied  by  the  long  internal  saphenous  nerve  (p.  626). 
It  becomes  subcutaneous  on  the  inner  or  mesial  side  of  the 
knee,  between  the  gracilis  and  sartorius  (Fig.  235,  12).  Here 
it  meets  the  saphena  vein,  and  accompanies  it  down  the  leg, 
distributing  its  branches  on  either  side,  till  it  is  finally  lost  on 
the  inner  side  of  the  foot  and  the  great  toe.  The  largest 
branch  curves  round  the  inner  side  of  the  knee,  just  below 
the  patella,  to  supply  the  skin  in  this  situation.  It  pierces  the 
sartorius  close  to  the  knee,  and  forms,  with  branches  from  the 
internal,  middle,  and  external,  cutaneous  nerves,  the  plexus 
patellce. 

The  internal  c7itaneoiis  nerve  supplies  the  skin  of  the  upper 
and  inner  aspect  of  the  leg,  and  joins  the  internal  saphenous 
nerve. 

The  skin  on  the  front  and  outer  parts  of  the  upper  half  of 
the  leg  is  supplied  by  cutaneous  brandies  from  the  external 
popliteal  or  peroneal  nerve ;  the  skin  of  the  lower  half  by  its 
external  cutaneous  branch,  as  follows  :  — 

External  Cutaneous  Branch  of  the  Peroneal  Nerve. — 
This  branch  of  the  peroneal  nerve  comes  through  (Fig.  240,  2) 
the  fascia  about  the  lower  third  of  the  outer  side  of  the  leg, 
and,  descending  over  the  front  of  the  ankle,  divides  into  two. 
Trace  them,  and  you  will  find  that  the  in7ier,  and  smaller,  sup- 
plies the  inner  side  of  the  great  toe,  and  the  contiguous  sides 
of  the  second  and  third  toes  ;  towards  its  termination  it  com- 
municates with  the  long  saphenous  and  anterior  tibial  nerves. 
The  outer  distributes  branches  to  the  outer  side  of  the  third 
toe,  both  sides  of  the  fourth,  and  the  inner  side  of  the  fifth  toe, 
and  joins  the  short  or  external  saphenous  nerve. 

The  outside  of  the  little  toe  is  supplied  by  the  external  saphe- 
nous nerve,  which  runs  behind  to  the  outer  malleolus  with  the 
corresponding  vein. 

The  contiguous  sides  of  the  great  and  second  toes  are  sup- 
plied by  the  termination  of  the  anterior  tibial  nerve.* 

Muscular  Fascia  and  Annular  Ligaments.  —  This  is 
remarkably  thick  and  strong.  Besides  its  general  purpose  of 
forming  sheaths  for  the  muscles,  and  straps  for  the  tendons,  it 
gives  origin,  as  in  the  forearm,  to  muscular  fibres,  so  that   it 

*  Such  is  the  most  common  distribution  of  the  nerves  to  the  upper  or  dorsal 
surface  of  the  toes.     But  deviations  from  this  arrangement  are  frequent. 
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cannot  be  removed  near  the  knee  without  leaving  the  muscles 
ragged.  The  fascia,  continuous  above  with  the  fascia  lata,  is 
attached  to  the  head  of  the  tibia  and  the  fibula ;  it  is  connected 
on  the  inner  side  with  the  expanded  tendons  of  the  sartorius, 
gracilis,  and  semi-tendinosus ;  on  the  outer  side  with  that  of 
the  biceps  ;  consequently,  when  these  muscles  act,  it  is  ren- 
dered tense.  Following  it  down  the  leg,  you  find  that  it  is 
attached  to  the  edge  of  the  tibia,  and  that  it  becomes  stronger 
as  it  approaches  the  ankle,  to  form  the  ligaments  which  con- 
fine the  tendons  in  this  situation.  Of  these  ligaments,  called 
anmilar,  there  are  three,  as  follows  :  — 

a.  The  anterior  annular  ligament  extends  obliquely  across  the 
front  of  the  ankle-joint,  and  confines  the  extensor  tendons  of 
the  ankle  and  toes.  It  consists  of  two  converging  straps  — 
one  oblique,  the  other  horizontal,  which  join  and  are  continued 
on  as  a  common  band,  like  the  letter  ■<  placed  transversely  ; 
the  upper  or  oblique  binds  down  the  tendons  in  front  of  the 
lower  end  of  the  tibia  ;  the  lower  or  oblique  the  tendons  which 
lie  over  the  tarsus.  The  common  band  is  attached  to  the  exter- 
nal malleolus,  cuboid,  and  os  calcis  ;  it  is  continued  horizon- 
tally inwards  for  a  short  distance,  and  in  front  of  the  ankle 
splits  into  two  fasciculi ;  the  upper  or  oblique  ascends  to  be  at- 
tached to  the  tibia ;  the  lower  or  horizontal  passes  inwards  to  be 
attached  to  the  internal  malleolus,  the  scaphoid,  and  the  internal 
cuneiform.  Beneath  the  upper  fasciculus,  enclosed  in  two  syno- 
vial sheaths,  run  the  tibialis  anticus  on  the  inner  side,  and  the 
extensor  longus  digitorum  and  peroneus  tertius  on  the  outer 
side  ;  the  extensor  proprius  hallucis  and  the  anterior  tibial  ves- 
sels lying  behind  or  dorsad  to  the  ligament,  but  not  having  any 
synovial  sheath.  Beneath  the  lower  fasciculus  are  three  synovial 
sheaths  — •  an  inner  one  for  the  tibialis  anticus,  a  middle  one  for 
the  extensor  proprius  hallucis,  and  an  outer  one  for  the  extensor 
longus  digitorum  and  peroneus  tertius.  It  is  the  strain  of  this 
ligament  which  occasions  the  pain  in  sprains  of  the  ankle. 

b.  The  external  annular  ligament  extends  from  the  outer  mal- 
leolus to  the  OS  calcis,  and  confines  the  tendons  of  the  peronei 
muscles,  which  are  enclosed  in  a  common  synovial  sheath. 

c.  The  internal  annnlar  ligament  is  a  strong  fasciculus  of  ill- 
defined  fibrous  tissue  which  extends  from  the  inner  malleolus 
to  the  OS  calcis,  where  it  becomes  continuous  with  the  plantar 
fascia  and  the  tendinous  origin  of  the  abductor  hallucis.  It  con- 
fines the  flexor  tendons  of  the  foot  and  toes,  and  as  these  pass 
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round  the  inner  ankle  it  forms  three  compartments,  each  lined 
with  a  separate  synovial  sheath  —  one  each  for  the  tibialis  posti- 
cus, the  flexor  longus  digitorum,  and  the  flexor  longus  hallucis. 
Remove  the  fascia,  leaving  enough  of  the  annular  ligaments 
to  retain  the  tendons  in  their  places. 

Muscles  on  the  Front  of  the  Leg.  —  The  muscles  on  the 
front  of  the  leg  are:  (i)  the  tibialis  anticus  ;  (2)  the  extensor 
longus  digitorum  and  peroneus  tertius  ;   (3)  the 
extensor  proprius  hallucis. 

Tibialis    Anticus.  —  The     tibialis    anticus 
(Fig.  236,   3)  arises  by  fleshy  fibres  from  the 
external   tuberosity  and    the    upper   two-thirds- 
of  the  outer  side  of  the  shaft  of  the  tibia,  from 
the    interosseous    membrane,    from    the    fascia 
which   covers   it,   and    from    the  intermuscular 
septum  which   separates  it  from   the  extensor 
longus  digitorum.     About  the  lower  third  of  the 
leg  the  fibres  terminate  on  a  strong  flat  tendon, 
which  descends  obliquely  over  the  front  of  the 
ankle,  through  the  innermost  compartment  of 
the  anterior  annular  ligament,  to  the  inner  side 
of  the  foot ;  here  it  becomes   a  little  broader, 
and  is  inserted  into  the  internal  cuneiform  bone 
and  the  base  of  the  metatarsal  bone  of  the  great 
toe.     The  synovial  membrane,  which  lines  the 
sheath  of  the  tendon  beneath  the  anterior  annu- 
lar ligament,  accompanies  it  to  within  an 
inch    (^.5  cm.)   of    its    insertion ;    conse- 
quently, it  is  opened  when  the  tendon  is 
divided  for  club-foot.  ,  The  action  of  this 
muscle  is  to  draw  the  foot  upwards  and 
inwards    (ventromesially).*       When    the 
foot  is  the  fixed  point,  it  assists  in  bal- 
ancing the  body  at  the  ankle.     Its  nerve 
comes  from  the  anterior  tibial. 

Extensor  Longus  Digitorum. — This 
muscle  lies  along  the  fibular  side  of  the 
preceding  (Fig.  236,  4).  It  arises  from 
the  external  tuberosity  of  the  tibia,  from 
the   upper  three-fourths  of   the   anterior 

*  It  is  generally  necessary  to  divide  this  tendon  in  the  distortion  of  the  foot 
inwards  called  talipes  varus. 


Fig.  236.  —  Anterior 
Muscles  of  the  Leg. 
.  Tendon  of  the  rectus  femoris. 
2.  Tibia.  3.  Tibialis  anticus. 
4.  Extensor  longus  digito- 
rum. 5.  Extensor  proprius 
hallucis.  6.  Peroneus  tertius. 
7.  Peroneus  longus.  8.  Pe- 
roneus brevis.  g.  External 
head  of  the  gastrocnemius. 
10.  Internal  head  of  the  gas- 
trocnemius. II.  Extensor 
brevis  digitorum.  12.  Annu- 
lar ligament  (anterior  or 
ventral). 
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surface  of  the  shaft  of  the  fibula,  from  the  interosseous  mem- 
brane, from  the  fascia  of  the  leg  and  the  intermuscular  septa. 
Its  fibres  terminate  in  a  penniform  manner  upon  a  long  tendon 
situated  on  the  inner  side  of  the  muscle ;  this  tendon  descends 
in  front  of  the  ankle,  and  divides  into  four  slips,  which  pass 
to  the  four  outer  toes.  They  diverge  from  each  other,  and 
are  inserted  into  the  toes  thus :  On  the  base  of  the  first 
phalanx  each  tendon  (except  that  of  the  little  toe)  is  joined 
on  its  outer  side  by  the  corresponding  tendon  of  the  extensor 
brevis  (i  i),  and  a  little  further  on  by  a  fibrous  expansion  from 
the  interosseous  and  lumbrical  muscles.  The  united  tendons 
then  expand,  cover  the  dorsal  surface  of  the  first  phalanx, 
and  at  the  articulation  between  this  and  the  second  phalanx 
split  into  three  fasciculi ;  the  middle  one  is  inserted  into  the 
base  of  the  second  phalanx  ;  the  two  lateral  ones  running  on  and 
reuniting  are  inserted  into  the  base  of  the  third  phalanx.  Its 
nerve  comes  from  the  anterior  tibial. 

Immediately  below  the  ankle  the  anterior  annular  ligament 
forms  a  pulley  through  which  the  tendon  of  this  muscle  plays. 
It  is  like  a  sling,  of  which  the  two  ends  are  attached  to  the  os 
calcis,  while  the  loop  serves  to  confine  the  tendon.  The  play 
of  the  tendon  is  facilitated  by  a  synovial  membrane,  which 
is  prolonged  for  a  short  distance  along  each  of  its  four  di- 
visions. Besides  its  chief  action,  this  muscle  extends  the 
ankle-joint.* 

Peroneus  Tertius. — This  is  a  portion  of  the  preceding 
(Fig.  236,  6).  Its  fibres  arise  from  the  lower  fourth  of  the 
anterior  surface  of  the  shaft  of  the  fibula,  the  interosseous  mem- 
brane, and  the  intermuscular  septum  between  it  and  the  pero- 
neus brevis  (8),  and  terminate  on  their  tendon  like  barbs  on  a 
quill.  The  tendon  passes  through  the  same  synovial  pulley 
with  the  long  extensor  of  the  toes,  and  expanding  considerably 
is  inserted  into  the  tarsal  end  of  the  metatarsal  bone  of  the  little 
toe.  It  is  not  always  present.  It  is  supplied  by  a  branch  of 
the  anterior  tibial  nerve.  This  muscle  extends  the  foot  and 
draws  the  outer  border  of  the  foot  upwards. 

The  peroneus  tertius  and  the  tibialis  anticus  are  important 
muscles  in  progression.  They  raise  the  toes  and  foot  from  the 
ground.     Those  who  have  lost  the  use  of  these  muscles  are 

*  There  is  often  a  large  l)ursa  between  the  tendon  of  the  extensor  longus  digi- 
torum  and  the  outer  surface  of  the  astragalus.  This  bursa  sometimes  communi- 
cates with  the  joint  of  the  head  of  the  astragalus. 
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obliged  to  drag  the  foot  along  the  ground,  or  to  swing  the  entire 
limb  outwards  in  walking. 

Extensor  Proprius  Hallucis. — This  muscle  (Fig.  236,  5) 
lies  partly  concealed  between  the  tibialis  anticus  and  the  exten- 
sor longus  digitorum.  It  arises  from  rather  more  than  the 
middle  third  of  the  anterior  surface  of  the  fibula,  and  from  the 
interosseous  membrane.  _  The  fibres  terminate  in  a  penniform 
manner  on  the  tendon,  which  runs  over  the  ankle,  between  the 
tendons  of  the  tibialis  anticus  and  the  extensor  longus  digitorum, 
along  the  top  of  the  foot  to  the  great  toe,  where  it  is  inserted 
into  the  base  of  the  last  phalanx.  It  has  a  special  pulley  be- 
neath the  horizontal  portion  of  the  anterior  annular  ligament 
lined  by  a  synovial  membrane,  which  accompanies  it  as  far  as 
the  metatarsal  bone  of  the  great  toe.  It  is  supplied  by  the 
anterior  tibial,  a  branch  of  the  peroneal  nerve. 

Now  examine  the  course,  relations,  and  branches  of  the 
anterior  tibial  artery.  Since  it  lies  deeply  between  the  muscles, 
it  is  necessary  to  separate  them  from  each  other ;  this  is  easily 
done  by  proceeding  from  the  ankle  towards  the  knee. 

Course  and  Relations  of  the  Anterior  Tibial  Artery. — 
The  anterior  tibial  artery  is  one  of  the  two  branches  into  which 
the  popliteal  divides  at  the  lower  border  of  the  popliteus.  It 
comes  at  first  horizontally  forward  about  i\  inch  {J.lcm.)  below 
the  head  of  the  fibula,  between  the  two  heads  of  the  tibialis 
posticus,  above  the  interosseous  membrane,  and  then  descends, 
lying  in  rather  more  than  the  first  half  of  its  course  upon  or 
ventrad  to  the  interosseous  membrane,  afterwards  along  the 
front  of  or  ventrad  to  the  tibia.  It  runs  beneath  to  the 
anterior  annular  ligament  over  the  front  of  the  ankle,  where  it 
takes  the  name  of  the  dorsal  artery  of  the  foot.  Thus,  a  line 
drawn  from  the  head  of  the  fibula  to  the  interval  between  the 
first  and  second  metatarsal  bones  would  nearly  indicate  its 
course.  In  the  upper  third  of  the  leg  it  lies  deeply  between 
the  tibialis  anticus  and  the  extensor  longus  digitorum  ;  in  the 
lower  two-thirds,  between  the  tibialis  anticus  and  the  extensor 
proprius  hallucis.  In  front  of  the  ankle  the  artery  is  crossed 
by  the  extensor  proprius  hallucis,  and  lies  between  the  tendon 
of  this  muscle  and  the  inner  tendon  of  the  extensor  longus 
digitorum. 

The  artery  is  accompanied  by  the  anterior  tibial  nerve  (a 
branch  of  the  peroneal),  which  runs  for  some  distance  upon  its 
fibular  side,  then  in  front  of  it,  and  lower  down  is  again  situated 
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on  its  outer  side.     It  is  accompanied  by  two  veins,  one  on  each 
side,  which  communicate  at  intervals  by  cross  branches. 
The  branches  of  the  anterior  tibial  are  as  follows  :  — 


a.  The  rcciirrott  tibial  branch  ascends  close  by  the  outer  side  of  the  head  of 
the  tibia,  though  the  tibiahs  anticus,  to  the  front  of  the  knee-joint,  where  it  inos- 
culates with  the  other  articular  arteries  derived  from  the  popliteal,  and  with  the 
anastomotic  magna. 

b.  Muscular  branches,  in  its  course  down  the 
leg,  and  others  which  pierce  the  interosseous 
membrane,  and  communicate  posteriorly  with 
branches  of  the  posterior  tibial  and  peroneal 
arteries. 

c.  The  malleolar  branches,  external  and  in- 
tertial  ramify  over  the  ankle  :  the  external,  de- 
scending beneath  the  tendon  of  the  e.vtensor 
longus  digitorum  and  peroneus  tertius,  ramities 
on  the  e.xternal  malleolus,  inosculating  with  the 
anterior  peroneal  and  the  tarsal  arteries ;  the 
internal  passes  beneath  the  extensor  proprius 
hallucis  and  the  tibialis  anticus,  and  anastomoses 
with  the  posterior  tibial,  with  its  internal  calca- 
nean  branch,  and  with  the  internal  plantar  arteiy. 
They  supply  the  joint,  the  articular  ends  of  the 
bones,  and  the  sheaths  of  the  tendons  around 
them. 


Extensor  Brevis  Digitorum. — 
This  muscle  is  situated  on  the  dorsum 
of  the  foot,  beneath  the  long  extensor 
tendons  of  the  toes.  It  arises  from 
the  outer  part  of  the  os  calcis,  from 
the  external  calcaneo-astragaloid  lig- 
ament, and  from  the  anterior  annular 
ligament.  The.  fibres  run  obliquely 
over  the  foot,  and  terminate  in  four 
tendons,  which  pass  forwards  to  the 
four  inner  toes.  The  inner  one,  and 
the  largest,  is  insertcdhy  an  expanded 
tendon  into  the  base  of  the  proximal 
phalanx  of  the  great  toe  ;  the  others 
join  the  fibular  side  of  the  long  ex- 


Fig.  237. — Extensor  Tendons  of  the 

Toes. 
I,  I.  Tendon  of  the  tibialis  anticus.  2, 
2.  Tendon  of  the  extensor  proprius 
hallucis.  3.  Very  slender  division  of 
tliis  tendon  attached  to  the  proximal 
phalanx  of  the  great  toe.  4,  4.  Kx- 
tensor  longus  dipitorum.  5.  Peroneus 
tertius.  (1.  Its  tendon  attached  to  the 
5th  metatarsal.     7.  Annular  ligament. 

8,  8.   Conimencemcnt    of    the    tendon 
and  of  the  extensor  brevis  digitorum. 

9.  Adductor  hallucis. 


tensor   tendons  to  be   inserted  with 

them  into  the  central  and  ungual  phalanges.  The  tendon  to 
the  great  toe  crosses  over  the  dorsal  artery  of  the  foot.  The 
action  is  to  extend  the  four  toes  nearest  the  mesial  line.  From 
the  obliquity  of  the  muscle  from  origin  to  insertion  the  outer 
phalanges  will  be  extended  and  abducted  if  the  muscle  could 
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act  alone,  but  the  long  extensor  counteracts  and  hence  per- 
forms only  extension.  The  tendon  to  the  proxmial  phalanx  of 
the  great  toe  assists  in  adduction  of  this  digit.  It  is  supplied 
by  a  branch  of  the  anterior  tibial  nerve. 

Dorsal  Artery  of  the  Foot.  —  This  artery,  the  continuation 
of  the  anterior  tibial,  runs  over  the  instep  to  the  rear  of  the 
interval  between  the  first  and  second  metatarsal  bones,  where 
it  divides  into  two  branches — one,  the  dorsalis  hallucis,  runs 
along  the  dorsal  aspect  and  the  first  interosseous  space ;  the 
other,  the  communicating,  sinks  into  the  sole  and  joins  the  deep 
plantar  arch.  On  the  dorsum  of  the  foot  the  artery  lies  upon 
the  astragalus,  the  scaphoid,  and  the  internal  cuneiform  bones, 
separated,  however,  from  them  by  their  dorsal  ligaments ;  in 
front  the  artery  has  the  skin,  superficial  and  deep  fasciae,  the 
venous  arch  across  the  dorsum,  and  the  tendon  of  the  short 
extensor  of  the  great  toe ;  on  its  outer  side,  it  has  the  extensor 
longus  digitorum,  and  the  anterior  tibial  nerve  on  its  inner  side, 
the  extensor  proprius  hallucis.  The  dorsal  artery  gives  off  the 
following  branches  :  — 

a.  The  tarsal  branch  arises  near  the  scaphoid  bone,  passes  outwards  in  an 
arched  direction  beneath  or  entad  to  the  extensor  brevis  digitorum  towards  the 
outside  of  the  foot,  supplies  the  bones  and  joints  of  the  tarsus,  and  inosculates 
with  the  external  malleolar,  the  peroneal,  the  metatarsal,  and  the  external  plantar 
arteries. 

b.  The  metatarsal  branch  generally  runs  towards  the  outside  of  the  foot,  in 
front  of  and  parallel  with  the  tarsal  artery,  beneath  the  short  extensor  tendons, 
near  the  bases  of  the  metatarsal  bones,  and  gives  off  the  three  outer  dorsal  inter- 
osseous arteries.  These  pass  forwards  over  the  corresponding  interosseous  mus- 
cles, supply  them,  and  then  subdivide  to  supply  the  contiguous  sides  of  the  upper 
surfaces  of  the  toes.  The  outer  interosseous  branch,  in  addition  to  giving  off  a 
branch  to  the  fourth  interosseous  space,  gives  off  a  small  branch  to  the  outer  side 
of  the  little  toe.  They  receive,  at  the  rear  of  each  interosseous  space,  the  pos- 
terior perforating  branches  of  the  plantar  arch,  and  at  the  front  of  each  interosse- 
ous space  they  receive  the  anterior  perforating  branches  from  the  plantar  digital 
arteries. 

c.  The  dorsalis  halhccis  is,  strictly  speaking,  the  artery  of  the  first  interosseous 
space.  It  is  the  continuation  of  the  dorsal  artery  of  the  foot,  after  it  has  given  off 
the  communicating  branch  to  the  sole,  and  runs  forwards  to  supply  digital 
branches  to  the  sides  of  the  great  toe  and  the  inner  side  of  the  second  toe. 

Peronei  Muscles.  —  These  muscles  are  situated  on  the 
outer  side  of  the  fibula,  and  are  named,  respectively,  peroneus 
longus  and  brevis. 

Peroneus  Longus.  —  This  arises  from  the  head  and  the 
outer  surface  of  the  fibula  along  its  upper  two-thirds,  from  the 
deep  fascia  which  covers  it,  and  the  intermuscular  septa. 
The  fibres  terminate  in  a  penniform  manner  in  a  tendon,  which 
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Superior  internal  articu- 
lar artery. 


Inferior  internal  articular 
artery. 


Anterior  tibial  recurrent 
artery. 


Anterior  tibial  artery 


Tibialis  anticus  muscle 


Anterior  tibial  nerve 


Extensor  longus  hallucis 


Internal  malleolar  artery 


Anterior  annular  ligament. 
Dorsalis  pedis  artery. 
Innermost  tendon  of  exten- 
sor brevis  digitorum. 
Communicating  branch. 
Dorsalis  hallucis  artery. n 


Superior  external  articu- 
lar artery. 


Inferior  e.xtemal  articular 
artery. 


Extensor  longus  digito- 
rum. 


Extensor  longus  digito- 
rum  turned  back. 


Peroneus  tertius. 


Anterior  peroneal  artery. 


External    malleolar    ar- 
tery. 

Peroneus  brevis  muscle. 
Extensor    brevis    digito- 

rum,  cut. 
External  tarsal  branch. 

Metatarsal  branch. 
Dorsal  inter osseus  artery. 


Fig.  2j8. — Thb  Antrrior  Tibial  Artbry,  Dorsal  Artery  or  the  Foot,  and  Anterior 
Pkkoneai.  Arthkv,  anu  THiiiK  Bhanches,  Left  Side.    (Morris.) 
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runs  with  the  peroneus  brevis,  in  a  groove  behind  or  dorsad  to 
the  external  malleolus,  then  along  the  outer  side  of  the  os 
calcis,  and,  lastly,  through  a  groove  on  the  under  or  plantar  sur- 
face of  the  OS  cuboides  deep  into  the  sole.  It  crosses  the  sole 
obliquely  forwards  and  inwards,  or  ventro-mesially,  and  is  hi- 
serted  into  the  tarsal  end  of  the  metatarsal  bone  of  the  great 
toe,  and  usually  into  the  internal  cuneiform  bone.  In  its  course 
through  these  several  bony  grooves  the  tendon  is  confined  by 
a  fibrous  sheath,  lined  by  a  synovial  membrane.  In  removing 
the  metatarsal  bone  of  the  great  toe,  if  possible,  leave  the  at- 
tachment of  this  tendon,  which  is  usually  inserted  by  means  of 
a  sesamoid  bone.     Its  nerve  comes  from  the  peroneal. 

Peroneus  Brevis.  —  This  muscle  lies  beneath  the  preceding. 
It  arises  from  the  lower  two-thirds  of  the  outer,  surface  of  the 
fibula,  internal  to  the  preceding  muscle,  and  from  the  intermus- 
cular septa.  It  terminates  in  a  tendon  which  runs  behind  the 
external  malleolus,  through  the  same  sheath  with  the  peroneus 
longus,  then  proceeds  along  the  outside  of  the  foot,  and  is  in- 
serted into  the  dorsal  surface  of  the  tarsal  end  of  the  metatarsal 
bone  of  the  little  toe.  Laterally  on  the  os  calcis  there  is  a  ridge 
which  separates  the  tendons  of  the  peronei.  Each  has  a  dis- 
tinct sheath.  The  short  tendon  runs  above  the  long  one  below 
the  ridge.  Its  nerve  is  from  the  musculo-cutaneous  branch  of 
the  peroneal  nerve. 

The  action  of  the  peronei  is  to  raise  the  outer  side  of  the 
foot.*  This  movement  regulates  the  bearing  of  the  foot  in 
progression,  so  as  to  throw  the  principal  part  of  the  weight 
on  the  ball  of  the  great  toe.  Its  action  is  well  exemplified  in 
skating.  Again,  supposing  the  fixed  point  to  be  at  the  foot, 
they  tend  to  prevent  the  body  from  falling  on  the  opposite 
side,  as  when  we  balance  ourselves  on  one  leg. 

Peroneal  or  External  Popliteal  Nerve.  ^ — Near  the  inner 
side  of  the  tendon  of  the  biceps  flexor  of  the  leg  is  a  large 
nerve,  the  external  popliteal  or  peroneal,  a  branch  of  the  great 
sciatic.  By  reflecting  the  upper  part  of  the  peroneus  longus, 
you  will  find  that  this  nerve  runs  round  the  outer  side  of  the 
fibula  immediately  below  its  head,  and,  piercing  the  origin  of 
the  peroneus  longus,  divides  into  two  main  branches  —  the 
anterior  tibial  and  the  musculo-cutaneous  nerves.  It  gives  off 
several    branches    as    follows :     i.   Articular    branches,   two  in 

*  In  distortion  of  the  foot  outwards,  called  talipes  valgus,  it  is  generally  neces- 
sary to  divide  the  tendons  of  the  peronei. 
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Fig.  239.  —  Musci,ES  of  the  Fibular 

KliCK^N. 

I.  Tibialis  amicus.  2.  Extensor  lonjjus  digi- 
torum.  3.  Tendon  of  the  extensor  pro- 
prius  hallucis.  4.  Peroneus  tertius.  5. 
Pcroneus  brevis.  6.  Peroneus  longus,  7. 
Soleus.  8.  Kxternal  head  of  the  gastroc- 
nemius. 9.  Head  of  the  fibula.  10.  Tendon 
of  the  biceps.  1 1.  .Semi-inenibranosus.  12. 
Tendon  of  the  rectus  femoris.  13.  Tendo 
Achilhs.  14.  Kxtern.'il  malleolus.  15. 
Annular  ligament.  lO.  Insertion  of  the 
peroneus  tertius.  17.  Insertion  of  the 
peroncBS  brevis.  18.  Kxtensor  brevis  digi- 
torum  19.  Abductor  minimi  digiti.  20. 
Patella. 


Fig.  240.  —  Peroneai,,  External,  or  Lateral 
Popliteal  Nerve. 

I.  Kxternal  popliteal  or  peroneal.  2.  Cutaneous 
branch.  3.  Communicans  peronei.  4.  l'',xternal 
saphena.  5.  Trunk  formed  by  the  union  of  the  ex- 
ternal saphena  with  the  accessory  of  the  cutaneous 
6.  Calcanean  branch.  7.  'i'ernnn;il  branch  going  to 
Sth  toe.  8.  Terminal  branch  to  4th  an<l  5th  toes. 
9,  q.  Musculo-cutaneous.  10,  10.  Its  terminal' 
branches.  ii.  Anastomosis  of  the  musculo-cu- 
taneous with  the  external  saphena.  12.  .Anas- 
tomosis of  the  internal  and  external  or  Literal 
branches  of  the  musculo-cutaneous.  13.  Ante- 
rior tiliial.  14.  Terminal  branch  of  anterior  tibial, 
supplying  deeper  structure  great  and  index  toes 
and  anastomosing  with  the  musculo-cutaneous. 


number  to  the  knee-joint,  which  pass  in  with  the  external 
articiilar  arteries,  and  a  third  which  accompanies  the  tibial 
recurrent   artery.      2.    Cutaneous  braiic/ns,  two  (;r  more,  supply 
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the  skin  on  the  back  and  outer  aspect  of  the  leg,  and  one,  the 
coimmcnicans  pei'onei,  which  joins  the  external  saphenous  to 
supply  the  dorsal  aspect  of  the  outer  side  of  the  little  toe  :  this 
will  be  seen  later  on  in  the  dissection  of  the  back  of  the  leg. 
3.  The  anterior  tibial,  which  accompanies  the  corresponding 
artery  and  supplies  the  muscles  between  which  it  runs  —  namely, 
the  tibialis  anticus,  extensor  longus  digitorum,  extensor  proprius 
hallucis,  and  peroneus  tertius ;  also  the  extensor  brevis  digi- 
torum. 4.  The  niiLsculo-ciitaneous  (p.  630),  which  comes  through 
ventrally  the  fascia  between  the  peroneus  longus  and  the  ex- 
tensor longus  digitorum.  5.  Branches,  which  supply  the  peronei 
longus,  and  brevis,  muscles. 

If,  then,  the  peroneal  nerve  were  divided  in  the  popliteal 
space,  the  result  would  be  paralysis  of  the  tibialis  anticus,  the 
extensors  of  the  toes,  long  and  short,  and  all  the  peronei. 


DISSECTION    OF   THE    GLUTEAL   REGION. 

The  body  having  been  placed  on  its  face,  the  pelvis  is  to  be 
raised  to  such  a  height  by  blocks  beneath  it,  that  the  lower 
extremities  hang  down  over  the  end  of  the  table.  Then  rotate 
the  thighs  inwards  as  much  as  possible,  and  cross  them. 

Surface  Marking.  —  The  bony  prominences  are  very  marked 
and  prominent  ;  they  are,  on  the  outer  side,  the  great  trochanter, 
and,  on  the  inner,  the  posterior  superior  spine  of  the  ilium,  the 
spines  of  the  sacral  vertebrce,  which  are  continued  on  to  the 
coccyx.  Between  the  latter  bone  and  the  great  trochanter  is 
the  rounded  tuberosity  of  the  ischium,  which  in  the  erect  posi- 
tion is  covered  by  the  gluteus  maximus,  but  is  uncovered  by  it 
when  the  femur  is  flexed.  Notice  a  transverse  curved  fold  of 
the  skin  extending  from  the  coccyx  to  the  base  of  the  great 
trochanter,  which  does  not,  as  it  might  be  thought,  correspond 
with  the  lower  border  of  the  gluteus  maximus,  which  is  caudad 
or  much  lower.  The  fact  is  important  to  bear  in  mind  in 
operations  for  stretching  the  great  sciatic  nerve,  for  the  relief  of 
sciatica  or  other  affections  of  the  nerve  or  its  branches.  •  The 
buttock  is  convex  towards  its  inner  part,  and  in  health  presents 
on  its  outer  side  a  hollow  behind  the  great  trochanter,  which 
usually  becomes  lost  in  hip-joint  disease.  The  back  or  dorsum 
of  the  thigh  is  convex,  and  towards  its  lower  or  genual  part 
it   presents  a  flattening,   corresponding    to  the  lozenge-shaped 
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hollow  of  the  popliteal  space,  so  that  the  tendons  and  muscles 
forming  its  boundaries  can  be  easily  distinguished. 

The  incision  through  the  skin  should  commence  at  the  coccyx, 
and  be  continued  in  a  semicircular  direction  along  the  crest  of 
the  ilium.  Another  incision  should  be  made  from  the  coccyx 
downwards  and  outwards  or  pedo-laterally  for  about  six  inches 
(75  r;«.)  below  or  genuad  the  great  trochanter.  In  reflecting 
the  skin,  notice  the  thick  cushion  which  the  subcutaneous 
adipose  tissue  forms  over  the  tuberosity  of  the  ischium,  and  the 
peculiar  manner  in  which  the  fat  is  enclosed  in  meshes  formed 
by  dense  connective  tissue.  A  large  bursa  is  often  formed 
between  this  cushion  and  the  bone. 

Cutaneous  Nerves. — These  are  derived  from  the  following 
sources :  —  BmiicJics  from  the  posterior  divisions  of  the  first 
and  second  lumbar  ncri'cs  descend  over  the  crest  of  the  ilium, 
near  the  origin  of  the  erector  spinae,  to  supply  the  skin  over 
the  gluteus  maximus  as  far  as  the  great  trochanter  (Fig.  138, 
p.  369). 

Brandies  from  the  posterior  branches  of  the  tJiree  upper  sacral 
nerves  pass  downwards  and  outwards  or  caudo-laterally  to  supply 
for  a  short  distance  the  integument  over  the  sacrum  and 
coccyx. 

The  lateral  branch  of  the  tivclfth  thoracic  nerve  descends  ver- 
tically over  the  crest  of  the  ilium,  near  to  its  anterior  part,  and 
supplies  the  ventral  integument  of  the  gluteal  region. 

The  iliac  branch  of  the  ilio-hypogastric  nerve  passes  over  or 
cephalad  to  the  crest  of  the  ilium,  between  the  posterior  or 
dorsal  branches  of  the  lumbar  nerves  and  the  preceding  nerve, 
and  supplies  for  a  short  distance  the  skin  of  the  buttock. 

The  external  cutaneous  no  ve  distributes  cutaneous  branches 
to  the  lower  and  outer  part  of  the  buttock  over  the  great 
trochanter. 

Cutaneous  branches  from  the  lesser  sciatic  nerve  proceed 
upwards  from  beneath  to  the  lower  border  of  the  gluteus 
maximus  to  su[)ply  the  skin  over  the  lower  part  of  this 
muscle. 

Gluteal  Muscles. — Three  powerful  muscles  are  situated  in 
the  region  of  the  buttock,  one  above  the  other,  named,  accord- 
ing to  their  size,  the  gluteus  maximus,  medius,  and  minimus. 
The  fascia  covering  the  gluteus  maximus  is  comparatively  thin, 
dorsally,  where  it  is  attached  to  the  sacrum,  coccyx,  and  iliiun  ; 
but  vcntrally  it  is  very  dense  and  glistening,  and  gives  origin  to 
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the  fibres  of  the  gluteus  medius,  and  lower  down  becomes  con- 
tinuous with  the  fascia  lata.* 

Gluteus  Maximus.  —  This  is  the  largest  muscle  of  the 
body,  and  is  covered  by  a  fascia,  which  sends  prolongations 
inwards  or  entally  deeply  between  the  muscular  bundles  (Fig. 
241).  Its  great  size  is  characteristic  of  man,  in  reference  to 
his  erect  position.  Its  texture  is  thick  and  coarse.  It  arises 
from  the  posterior  fifth  of  the  crest  of  the  ilium,  and  from  the 
rough  surface  below  it,  from  the  dorsal  surfaces  of  the  caudal 
segments  of  the  sacrum,  the  coccyx,  and  the  great  sacro-sciatic 
ligament.  The  fibres  descend  obliquely  dorso-laterally,  and  are 
inserted  thus  :  The  anterior  two-thirds  terminate  on  a  strong 
broad  aponeurosis  which  plays  over  the  great  trochanter,  and 
joins  the  fascia  lata  of  the  thigh  (Fig.  223,  p.  600) ;  the  remain- 
ing third  is  inserted  into  the  femur,  along  the  gluteal  ridge  lead- 
ing from  the  linea  aspera  to  the  base  of  the  great  trochanter. 
The  action  considered  in  the  vertical  or  hanging  position  is  that 
of  external  rotation  by  that  part  posterior  to  a  line  projected 
through  the  axis  of  the  femur,  internal  rotation  by  that  part 
anterior  to  this  line,  abduction  by  that  part  posterior  to  the 
femural  axial  line  ;  adduction  by  that  part  anterior  to  the  femu- 
ral  axial  line  ;  extension  by  the  whole  muscle.  The  actioji  with 
the  femur  hori::ontal  at  90°  gives  abduction,  adduction,  internal 
rotation,  external  rotation,  flexion  and  extension  by  part  of  the 
muscle  acting  to  perform  each  function. f 

This  muscle  extends  the  thigh-bone  upon  the  pelvis,  and  is 
therefore  one  of  those  most  concerned  in  raising  the  body  from 
the  sitting  to  the  erect  position,  and  in  maintaining  it  erect.  It 
propels  the  body  in  walking,  running,  or  leaping,  and  rotates 
the  thigh  outwards.  It  is  supplied  with  blood  by  the  gluteal 
and  sciatic  arteries  ;  with  nerves  from  the  lesser  sciatic,  and  the 
sacral  plexus. 

What  is  seen  beneath  the  Gluteus  Maximus.  —  The 
gluteus  maximus  should  be  reflected  from  its  origin.  The  best 
way  is  to  begin  at  the  front  or  ventral  border,  which  overlaps 

*  As  the  fascia  leaves  the  lower  border  of  the  gluteus  maximus  it  divides, 
one  portion  going,  as  stated,  to  the  fascia  lata  and  the  other  being  firmly  attached 
to  the  tuberosity  of  the  ischium  and  to  the  tendon  of  the  muscle  at  its  lower 
margin ;  the  fascia  then,  becoming  more  delicate,  proceeds  upwards,  forming  the 
internal  covering  of  the  muscle.  As  the  sciatic  nerve  emerges  it  hugs  close  to  the 
tuberosity;  the  fascia,  therefore,  makes  a  tentorium  posteriorly  which  is  always 
tensed  when  the  gluteus  maximus  is  in  action.  —  A.  H. 

t  Phila.  Med.  Jour.,  Prize  Contest,  i.  i.  99.  Dr.  Eb.  W.  Thomas. 
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the  gluteus  medius.  The  dissection  is  difificult,  and  he  who 
undertakes  it  for  the  first  time  is  almost  sure  to  injure  the 
subjacent  parts.  The  numerous  vessels  which  enter  its  under 
surface  must  be  divided  before  the  muscle  can  be  reflected. 
This  having  been  accomplished,  the  following  objects  will  be 
exposed :  — 

The  muscle  covering  the  ilium  is  the  gluteus  medius.  At 
the  posterior  border  of  this  are  the  several  objects  which  emerge 
from  the  pelvis  through  the  great  sciatic  notch  —  namely,  the 
pyriformis  muscle,  above  is  the  trunk  of  the  gluteal  vessels  and 
nerve,  and  below  are  the  greater  and  lesser  sciatic  nerves,  the 
arteria  comes  ner\-i  ischiatici,  the  long  pudendal  nerve,  the  sciatic 
vessels,  the  pudic  vessels  and  nerve,  the  nerve  to  the  obturator 
internus  and  the  coccygeus.  Coming  through  the  lesser  sciatic 
notch,  is  the  tendon  of  the  obturator  internus  and  attached 
to  it  are  the  gemelli  muscles,  one  cephalad,  the  other  caudad 
to  it.  Extending  from  the  tuber  ischii  transversely  outwards 
to  the  great  trochanter  is  the  quadratus  femoris,  and,  below 
this,  is  sjen  the  upper  part  of  the  adductor  magnus.  The 
origins  of  the  semi-membranosus,  biceps,  semi-tendinosus,  and  of 
the  adductor  magnus,  from  the  tuber  ischii,  are  also  seen  ;  as 
well  as  the  great  sacro-sciatic  ligament,  which  passes  upwards  to 
the  sacrum,  and  is  pierced  by  the  coccygeal  branch  of  the  sciatic 
artery.  The  great  trochanter  is  exposed,  together  with  a  small 
portion  of  the  vastus  externus ;  and  where  the  tendon  of  the 
gluteus  maximus  plays  over  the  trochanter  major,  there  is  a 
large  bursa,  simple  or  multilocular.  Lastly,  the  side  of  the 
sacrum,  the  coccyx,  part  of  the  crest  of  the  ilium,  the  tuberosity 
of  the  ischium,  are  brought  into  view. 

Gluteus  Medius. — This  muscle,  covered  behind  by  the 
gluteus  maximus,  and  in  front  by  the  fascia  lata,  ajiscs  from  the 
surface  of  the  ilium,  between  the  crest  and  the  upper  curved 
line ;  also  from  the  strong  fascia  which  covers  it  towards  the 
front.  The  fibres  converge  to  a  tendon,  which  is  inserted  into 
the  oblique  line  on  the  upper  and  outer  surface  of  the  great 
trochanter:  some  of  the  anterior  fibres  —  in  immediate  con- 
nection with  the  tensor  fasciae  —  terminate  on  the  aponeurosis 
of  the  thigh.  Between  its  insertion  and  the  bone  is  a  bursa. 
The  action  with  femur  vertical  performs  infernal  rotation  and 
external  rotation  by  part  of  the  muscle.  Abduction  and  ex- 
tension by  the  whole  muscle.  The  action  with  the  femur 
horizontal  at  90°  performs  abduction,  adduction,  flexion  and  ex- 
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tension  by  part  of    the  muscle,   but    internal  rotation   by  the 
entire  muscle.* 

Reflect  the  gluteus  medius  to  see  the  third  gluteal  muscle. 
The  line  of  separation  between  them  is  marked  by  a  large 
branch  of  the  gluteal  artery. 


Fig.  241. — Gluteus  Maximus  Muscle. 
I.  Gluteus  maximus.  2.  Its  inferior  part. 
3.  Serrated  tendon  attached  to  the  glu- 
teal ridge  leading  to  the  linea  aspera.  4. 
Superior  part  of  the  muscle.  5,  5.  Com- 
mencement of  the  tendon  of  insertion. 
6.  Superior  part  of  the  fascia  lata.  7. 
Dividing  of  this  fascia  at  the  superior  bor- 
der of  the  gluteus  maximus.  8.  Portion 
of  the  fascia  which  is  adherent  to  the 
tendon.  9.  The  tensor  fascia  femoris. 
10,  10.  Fasica  lata.  11.  Biceps.  12. 
Semi-tendinosus.  13.  Semi-membranosus. 
14.  Gracilis. 


Fig.  242.  —  Muscle  Beneath  the  Gluteus 

Maximus. 
.  Origin  of  gluteus  maximus  divided.  2.  Its  in- 
sertion into  the  oblique  line.  3,3.  Its  insertion 
into  the  fascia  lata.  4.  Gluteus  medius.  5.  Its 
insertion.  6.  Fascia  lata,  showing  continuity 
with  insertion  of  the  gluteus  maximus.  7.  Pyii- 
formis.  8.  Obturator  intemus.  9.  Gemellus 
superior  or  cephalad.  10.  Gemellus  inferior. 
II.  Quadratus  femoris.  12.  Semi-membranosus. 
13.  Biceps.  14.  Adductor  magnus.  15,  Gracilis. 
16.  Vastus  externus. 


Gluteus  Minimus. — This  muscle  arises  from  the  surface 
of  the  ilium  below  the  upper  and  lower  curved  lines,  and  as  far 
dorsally  as  the  margin  of  the  great  sacro-sciatic  notch.  Its 
fibres  pass  over  the  capsule  of  the  hip-joint,  and  converge  to 


*  PJiil.  Med.  Jour 7ial,  Prize  Contest,  i,  i,  99.     Dr.  Eb.  W.  Thomas. 
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a  tendon  which  is  inserted  into  a  depression  on  the  front  part 
of  the  great  trochanter,  a  bursa  being  interposed.  This  muscle 
and  the  preceding  are  suppHed  by  the  superior  gluteal  nerve, 
a  branch  of  the  lumbo-sacral  cord.  The  action  when  vertical 
is  that  of  internal  rotation  by  part  of  the  muscle ;  external 
rotation  by  part  of  the  muscle  ;  abduction  by  the  whole  muscle; 
extension  by  the  whole  muscle.  With  the  femur  Jiorizontally 
flexed  at  90°,  the  action  will  be  abduction  by  part  of  the 
muscle ;  adduction  by  part  of  the  muscle ;  internal  rotation 
by  the  whole  muscle;  and  flexion  by  the  whole  muscle.*  The 
chief  action  of  this  and  the  preceding  muscle  is  to  assist  in 
balancing  the  pelvis  steadily  on  the  thigh,  as  when  we  are 
standing  on  one  leg ;  with  the  fixed  point  at  the  ilium,  they 
are  abductors  of  the  thigh.  The  anterior  fibres  of  the  gluteus 
medius  co-operate  with  the  gluteus  minimus  and  the  tensor 
fasciae  in  rotating  the  thigh  inioards. 

Gluteal  Vessels  and  Nerves. — The  gluteal  artery  \%  the 
largest  branch  of  the  internal  iliac  (p.  525).  Emerging  from 
the  pelvis  through  the  great  sciatic  foramen  between  the  pyri- 
formis  and  the  gluteus  medius,  it  divides  into  two  large  branches 
for  the  supply  of  the  gluteal  muscles.  Of  these,  the  superficial 
proceeds  forwards  between  the  gluteus  maximus  and  medius, 
both  of  which  they  supply,  and  eventually  anastomose  with  the 
posterior  sacral  and  sciatic  arteries;  the  other  —  the  deep  — 
after  a  short  course,  divides  into  two  branches:  one  —  the  su- 
perior—  curves  forwards  along  the  origin  of  the  gluteus  mini- 
mus, towards  the  anterior  part  of  the  ilium,  to  anastomose  with 
the  ascending  branches  of  the  external  circumflex  and  the  cir- 
cumflex iliac  arteries  ;  the  other  —  the  inferior  branch  —  crosses 
obliquely  over  the  gluteus  minimus  towards  the  insertion  of  this 
muscle,  and  anastomoses  with  the  external  and  internal  circum- 
flex arteries. 

The  nerve  which  accompanies  the  gluteal  artery  is  the  supe- 
rior gluteal  nerve,  a  branch  of  the  lumbo-sacral  cord.  It  passes 
out  above  the  pyriformis,  and  divides  into  two  branches — a 
superior  and  an  inferior  branch  ;  the  superior  brancJi  accompa- 
nies the  corresponding  branch  of  the  gluteal  artery,  and  supplies 
the  gluteus  medius  and  minimus;  the  inferior  brancJi  accompa- 
nies the  inferior  branch  of  the  gluteal  artery,  and  distributes 
filaments  to  the  gluteus  medius  and  minimus,  and  the  tensor 

*  Phil.  Med.  Journal,  Prize  Contest,  Jan.  i,  1899.    Dr.  Eb.  W.  Tliomas. 
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fasciae  femoris.  In  some  subjects  it  sends  a  branch  to  the  glu- 
teus maximus  ;  but  this  muscle  is  chiefly  supplied  by  the  lesser 
sciatic  nerve. 

A  surgeon  ought  to  be  able  to  cut  down  and  tie  the  gluteal 
artery  as  it  emerges  from  the  pelvis.  The  following  is  the  best 
rule  *  for  finding  it :  — 

Draw  a  line  from  the  posterior  superior  spine  of  the  ilium  to 
the  trochanter  major,  rotated  inwards.  The  junction  of  the 
upper  with  the  middle  third  of  this  line  lies  over  the  artery  as 
it  emerges  from  the  upper  border  of  the  great  sciatic  notch. 

Now  examine  the  series  of  muscles  which  rotate  the  thigh 
outwards,  —  namely,  the  pyriformis,  the  obturator  internus,  the 
gemelli,  the  quadratus  femoris,  and  the  obturator  externus. 

Pyriformis. — This  muscle  lies  immediately  below  and  par- 
allel with  the  lower  fibres  of  the  gluteus  medius  (Fig.  242,  7). 
It  arises  within  the  pelvis  by  three  fleshy  fasciculi  from  the 
second,  third,  and  fourth  segments  of  the  front  surface  of 
the  sacrum  between  the  foramina  for  the  sacral  nerves,  from 
the  margin  of  the  great  sacro-sciatic  notch,  and  from  the  great 
sacro-sciatic  ligament.  The  fibres,  passing  horizontally  out- 
wards, converge  to  a  tendon,  which  is  itiserted  into  the  upper 
border  of  the  great  trochanter.  Its  nerve  comes  from  the  sacral 
plexus.  Its  action  is  that  of  an  abductor  and  an  external  rota- 
tor of  the  femur  ;  and,  if  the  femur  be  the  fixed  point,  it  steadies 
the  pelvis  on  the  femur,  and  when  the  pelvis  has  been  drawn 
backwards,  it  will  bring  it  forwards.  The  action  when  the  femur 
is  z'^-r/zV^/ produces  external  rotation,  abduction,  and  very  slight 
extension.  With  the  femur  horizontal,  abduction,  internal  rota- 
tion, and  very  slight  extension  may  be  produced. 

Obturator  Internus.  —  This  muscle,  of  which  little  more 
than  the  tendon  can  be  seen  at  present,  arises  within  the  cavity 
of  the  pelvis,  from  the  inner  surface  of  the  ischium,  bounded 
posteriorly  by  the  margin  (Fig.  242,  8)  of  the  great  sacro-sciatic 
notch  and  the  articular  surface  for  the  sacrum,  and  superiorly 
by  the  brim  of  the  true  pelvis  ;  from  the  obturator  membrane, 
and  the  obturator  fascia ;  in  front,  from  the  inner  surface  of  the 
descending  ramus  of  the  os  pubis  and  the  ascending  ramus  of 
the  ischium.  The  fibres  are  directed  backwards  and  outwards, 
and  terminate  on  four  tendons  which  converge  towards  the 
lesser  sacro-sciatic  notch  ;  pass  through  the  foramen  of  the  same 

*  The  operation  of  tying  the  gluteal  artery  was  first  performed  by  John  Bell. 
See  his  P^-inciples  of  Surgery,  vol.  i.,  p.  421. 
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name  at  nearly  right  angles,  as  round  a  pulley,  and  then  unite 
into  a  single  tendon  to  be  itiscrted  into  the  top  of  the  great  tro- 
chanter, in  front  of  the  pyriformis.  Divide  the  tendon  about 
three  inches  from  its  insertion,  to  see  the  four  tendons  which 
play  over  the  smooth  cartilaginous  surface  on  the  inner  side  of 


1.  Superior  gluteal  nerve. 

2.  Inferior  gluteal  or  lesser 

sciatic. 

3.  3,  3.  Its  branch   to  the 

gluteus  maximus. 

4.  Branch  to  the  pyriformis. 

5.  Genital     branch    of   the 

lesser  sciatic. 

6.  Femoro-popliteal  of  the 

same  nerve. 
7,7.   Trunk    of    the  great 

sciatic. 
8,  q.  Hranch  to  the  long  and 
short  heads  of  the  biceps. 


10,  I  J.   Branch  to  the  semi- 
tendinosus. 

11,  II.     Branches    to    the 
semi-merabranosus. 

12,  12.  Branch  to  the  ad- 
ductor magnus. 

13.  External    popliteal    or 
peroneal. 

14.  Internal  popliteal. 

15.  Filament   to   the   plan- 
taris  muscle. 

16,  16.     Branches    to    the 
gastrocnemius. 

17.  Origin   of  the   external 
saphenous  nervo. 


Fig    243.— The  Great  Sciatic  Nkrvh,  with  its  Coi.latf.rai.  and  Terminal  Branches. 

the  tuberosity  of  the  ischium.  There  is  a  large  synovial  bursa 
to  diminish  friction.  The  ncive  to  this  muscle  comes  from  the 
sacral  plexus  (sometimes  from  the  pudic)  within  the  pelvis  ;  it 
emerges  from  the  great  sacro-sciatic  foramen,  winds  round  the 
spine   of  the    ischium,  and    re-enters   the  pelvis  through    the 


648  QUADRATUS    FEMORIS. 

lesser  sacro-sciatic  foramen  to  supply  the  muscle  on  its  inner 
surface.  The  action  of  this  muscle  is  to  rotate  the  femur  out- 
wards ;  but,  in  the  sitting  position,  it  loses  this  action,  and  be- 
comes an  abductor  of  the  thigh.  When  the  femur  is  vertical, 
its  action  will  be  that  of  external  rotation,  adduction,  flexion, 
and  extension.  With  the  femur  horizontal,  that  of  abduction, 
external  rotation,  and  extension.*  Between  the  capsule  of  the 
hip-joint  and  the  tendon  a  synovial  bursa  is  commonly  found, 
which  not  infrequently  communicates  with  the  bursa  placed 
between  the  tendons  and  the  tuberosity  of  the  ischium, 

Gemelli, — These  small  muscles  are  accessory  to  the  obtu- 
rator internus,  and  are  situated  one  above,  the  other  below  it. 
The  genielhis  superior  (Fig.  242),  the  smaller  of  the  two,  and 
occasionally  absent,  arises  from  the  outer  surface  of  the  spine 
of  the  ischium  ;  the  gemelbts  inferior  from  the  upper  and  back 
part  of  the  tuberosity  of  the  ischium.  Their  fibres,  attached  to 
the  tendon  of  the  obturator  internus,  are  inserted  with  it  into 
the  upper  border  of  the  great  trochanter.  The  nefves  to  these 
muscles  come  from  the  sacral  plexus ;  that  to  the  superior 
gemellus  from  the  lower  part  of  the  plexus ;  that  to  the  infe- 
rior gemellus  comes  out  through  the  great  sacro-sciatic  foramen, 
passes  beneath  the  superior  gemellus  and  obturator  internus  to* 
enter  the  muscle  on  its  deep  aspect  ;  this  branch  also  distrib- 
utes a  filament  to  the  quadratus  femoris,  and  another  to  the 
hip-joint. 

Quadratus  Femoris.  —  This  quadrilateral  muscle  arises 
(Fig.  242,  1 1 )  from  the  ridge  on  the  outer  border  of  the  tuber 
ischii.  Its  fibres  run  horizontally  outwards,  and  are  inserted 
into  the  back  of  the  great  trochanter,  into  the  greater  part  of 
the  linea  quadrati.  The  lower  border  of  the  quadratus  femoris 
runs  parallel  with  the  upper  edge  of  the  adductor  magnus ;  in 
fact,  it  lies  on  the  same  plane.  Between  these  muscles  is  gen- 
erally seen  a  terminal  branch  of  the  internal  circumflex  artery. 
Its  neive,  as  previously  described,  comes  from  the  sacral  plexus, 
and  enters  its  deep  surface.  The  action  of  this  muscle  with 
the  femur  vertical  produces  external  rotation,  adduction,  flexion, 
and  extension  :  with  the  femur  Jwrizontal  abduction,  external 
rotation,  and  extension.  The  change  of  this  muscle  from  that 
of  flexion  to  extension  may  be  noted  in  going  upstairs,  and  may 
occur  when  walking  on  the  level. 

*  Lit.  cit. :  Dr.  Eb.  W.  Thomas. 
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Obturator  Externus.  —  To  see  this  muscle,  reflect  the  quad- 
ratus  femoris  from  its  origin.  It  arises  from  the  outer  surface 
(Fig.  231,  4)  of  the  body  of  the  os  pubis,  from  the  front  sur- 
face of  the  rami  of  the  os  pubis  and  ischium,  which  form  the 
inner  border  of  the  obturator  fora- 
men, from  the  inner  two-thirds  of 
th^  outer  surface  of  the  obturator 
membrane,  and  from  the  tendinous 
arch  over  the  obturator  vessels. 
Its  fibres  converge  to  a  tendon 
which  runs  horizontally  outwards 
over  a  groove  on  the  ischium,  and, 
running  across  the  back  of  the 
hip-joint,  is  /;w^/Y^(^into  the  deepest 
part  of  the  trochanteric  fossa  of 
the  femur.  Its  nerve  is  a  branch 
of  the  posterior  division  of  the  ob- 
turator nerve.  This  muscle  has  in 
front  of  it  the  adductor  longus  and 
brevis,  the  pectineus,  the  psoas  and 
iliacus,  the  neck  of  the  femur,  and 
the  capsular  ligament ;  above  it  are 
the  capsular  ligament  and  the  in- 
ferior gemellus  ;  belozv  it  are  the 
adductor  magnus  and  quadratus 
femoris ;  behind  it  are  the  obtu- 
rator membrane  and  the  quadratus 
femoris.  The  action  of  this  muscle 
with  the  femur  vertical  produces 
external  rotation,  adduction,  and 
flexion  ;  with  the  femur  horizontal 
adduction,  external  rotation,  and 
extension. 

Great  Sciatic  Nerve.  —  This 
large  nerve,  formed  by  the  union 
of  the  last  lumbar  and  the  four 
upper  sacral  nerves  (Fig.  244),  is 

the  largest  nerve  in  the  body,  being  three-quarters  of  an  inch 
{18  mm.)  in  breadth,  and  supplies  all  the  flexor  muscles  of  the 
lower  extremity  and  the  extensors  of  the  foot. 

Emerging  from   the   pelvis  through    the  great   sacro-sciatic 
foramen  below  the  pyriformis,  it   descends   over  the  external 


Fig.    244.  —  Plan 


Sacral 


Plexus  and  Branches. 

2,  3,  4,  5.  Sacral  nn.  6.  Superior 
gluteal  n.  7.  (Jreat  sciatic  n.  S. 
Lesser  sciatic  n.  9.  Pudic  n.  10.  N. 
of  obturator  internus.  11.  N.  of 
levator  ani.  12.  N.  of  pyriformis. 
13.  N.  of  gemellus  superior.  14.  N. 
of  gemellus  inferior.  15.  N.  of  quad- 
ratus femoris.  id.  N.  of  gluteus 
maximus.  17.  Long  pudendal  n.  iS. 
Cutaneous  n.  of  the  buttock,  iq.  N. 
of  the  long  head  of  the  biceps.  20.  N. 
of  semi-tendinosus.  71.  N.  of  semi- 
membranosus. 22.  N.  of  short  head 
of  the  biceps. 
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rotator  muscles  of  the  thigh,  along  the  interval  between  the 
tuber  ischii  and  the  great  trochanter,  but  rather  nearer  to  the 
former ;  so  that,  in  the  sitting  position,  the  nerve  is  protected 

from  pressure  by  this  bony 
prominence.  The  nerve  does 
not  descend  quite  perpendic- 
ularly, but  rather  obliquely 
forwards  upon  the  adductor 
magnus,  parallel  with  the 
great  sacro-sciatic  ligament, 
and  below  the  middle  of  the 
thigh  divides  into  the  internal 
popliteal  and  the  peroneal  (or 
external  popliteal).  It  is  ac- 
companied by  a  branch  of  the 
sciatic  artery,  galled  the  comes 
netvi  ischiatici.^  The  nerve 
distributes  branches  to  the 
ham-string  muscles  and  the 
adductor  magnus,  and  sends 
two  or  more  small  branches  to 
the  hip-joint  which  pierce  the 
posterior  part  of  the  capsular 
ligament  (Fig.  244). 
Small  Sciatic  Nerve.  —  This  comes  from  the  lower  part  of 
the  sacral  plexus.  It  leaves  the  pelvis  below  the  pyriformis, 
with  the  great  sciatic  nerve,  but  on  the  inner  side  of  it  and  in 
company  with  the  sciatic  artery.  It  descends  behind  the  gluteus 
maximus,  and  becomes  cutaneous  at  its  lower  border.  The 
muscular  branches  which  it  gives  off  are  one  or  more  —  inferior 
gluteal  —  which  enter  the  under  surface  of  the  gluteus  maximus 
near  its  lower  border. 

All  its  other  branches  are  cutaneous,  and  are  divided  into  an  ascending  and 
interna]  group  ;  the  ascending  branches  turn  round  the  lower  border  of  the  gluteus 
maximus,  and  supply  the  skin  of  the  buttock  ;  the  internal  branches  supply  the 
skin  on  the  inner  and  posterior  aspect  of  the  thigh  in  its  upper  part ;  and  one 
branch,  larger  than  the  rest,  called  the  infe^-ior  pudendal,  turns  inwards  towards  the 
perineum  to  supply  the  skin  of  that  region  and  the  scrotum,  commnicating  with  the 
inferior  haemorrhoidal  and  superficial  perineal  nerves.     The  contimred  trunk  runs 

*  The  arteria  comes  nervi  ischiatici  runs  generally  by  the  side  of  the  nerve,  but 
sometimes  in  the  centre  of  it.  This  artery  becomes  one  of  the  chief  channels  by 
which  the  blood  reaches  the  lower  limb  after  Hgature  of  the  femoral.  See  in  the 
Museum  of  the  Royal  College  of  Surgeons  a  preparation  in  which  the  femoral 
was  tied  by  John  Hunter  fifty  years  before  the  man's  death. 


Fig.    245. —  Deep  Muscles  of  the  Gluteal 
Region. 

I.  Gluteus  medius.  2.  Pyriformis.  3 .  Lesser  sciatic 
nerve.  4.  Obturator  intemus,  with  the  two 
gemelK.  5.  Coccygeus.  6.  Great  sciatic  nerve. 
7.  Quadratus  femoris.  8.  GKiteus  maximus. 
g.  The  semi-tendinosus  and  biceps.  10.  Ad- 
ductor magnus. 
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down  the  back  of  the  thigh  beneath  the  muscular  fascia,  as  low  as  the  upper  part 
of  the  calf,  with  the  external  saphenous  vein,  supplying  the  skin  all  the  way  down, 
and  communicates  with  the  short  saphenous  nerve. 

Sciatic  Artery.  —  This,  one  of  the  terminal  branches  of  the 
internal  iliac,  courses  along  the  inner  aspect  of  the  sacral  plexus 
and  pyriformis,  behind  the 
pubic  artery,  vvhile  this 
vessel  is  still  within  the 
pelvis.  It  emerges  from 
the  pelvis  between  the  pyri- 
formis and  coccygeus,  and 
is  then  seen  in  the  gluteal 
region  coming  out  between 
the  pyriformis  and  superior 
gemellus.  It  then  de- 
scends between  the  tuber 
ischii  and  the  great  tro- 
chanter, along  the  inner 
side  of  the  great  sciatic 
nerve. 

It  gives  off:  (i)  within  the  pel- 
vis, branches  to  the  muscles  which 
form  the  muscular  floor  of  the  pel- 
vis, to  the  rectum,  the  bladder, 
prostate  and  vesiculae  semi-nales  ; 
(2)  external  to  the  pelvis,  it  gives 
off  :  a,  a  coccygeal  branch,  which 
runs  inwards  through  the  great 
sacro-sciatic  ligament,  then  ramifies  in  the  glutetis  maximus,  and  on  the  back  of 
the  coccyx  ;  b,  the  comes  ttervi  ischiatici,  which  accompanies  the  great  sciatic  nerve 
for  a  short  distance,  and  then  enters  its  substance;  r, the  inferior glitteal  branches, 
which  enter  the  gluteus  maximus ;  d,  articular  branches,  which  pierce  the  posterior 
capsule  of  the  hip-joint  ;  e,  muscular  branches  to  the  several  external  rotators  and 
the  hamstring  muscles,  and  which  inosculate  with  the  external  and  internal  cir- 
cumflex, gluteal,  obturator,  and  first  perforating  arteries. 

Pudic  Artery  and  Nerve.  —  The  course  of  this  artery  and 
nerve  has  been  fully  described  (p.  527).  Observe  now  that  they 
pass  over  the  spine  of  the  ischium  accompanied  by  the  nerve  to 
the  obturator  intcrnus,  and  that  in  a  thin  subject  it  is  possible  to 
compress  the  artery  against  the  spine.  The  rule  for  finding  it  is 
this :  rotate  the  foot  inwards,  and  draw  a  line  from  the  top  of  the 
great  trochanter  to  the  base  of  the  coccyx  ;  the  junction  of  the 
inner  with  the  outer  two-thirds  gives  the  situation  of  the  artery.* 

•  Mr.  Travers  succeeded  in  arresting  hrcmorrhage  from  a  .sloughing  ulcer  of 
theglans  penis  by  pres.sing  the  public  artery  with  a  cork  against  the  spine  of  the 
ischium. 


Fig.  246. — The  Arteries  of  the  Gluteal  Region. 

I.  Gluteal  artery  and  nerve.  2.  Pudic  artery  and  nerve, 
and  nerve  tn  obturator  internus.  3.  Great  sacro-sciatic 
nerve.  4.  Sciatic  artery.  5.  Internal  circumflex  artery. 
6.   The  first  perforating  artery. 


652  POPLITEAL    SPACE. 

Popliteal  Space  :  its  Boundaries.  —  It  is  advisable  to  ex- 
amine the  popliteal  space  at  this  stage  of  the  dissection,  in  order 
that  the  various  parts  may  be  carefully  made  out  with  as  little 
disturbance  as  possible  of  their  mutual  relations. 

Surface  Marking.  — The  popliteal  space  is  a  lozenge-shaped 
hollow  at  the  back  of  the  knee-joint,  extending  as  high  as  the 
junction  of  the  middle  with  the  lower  third  of  the  femur,  and  as 
low  as  the  upper  sixth  of  the  tibia.  The  hollow  is  most  apparent 
when  the  knee  is  flexed,  as  then  the  tendinous  boundaries  stand 
out  in  bold  relief ;  it  is  almost  lost  when  the  leg  is  extended. 
The  tendon  on  the  outer  side  is  that  of  the  biceps,  diverging  to 
the  head  of  the  fibula ;  on  the  outer  side,  and  below,  are  the 
plantaris  and  outer  head  of  the  gastrocnemius,  which  are  not 
well  defined  ;  on  the  inner  side,  above,  we  can  feel  three  tendons 
in  the  following  order  from  within  outwards  —  the  semi-tendino- 
sus,  the  semi-membranosus  and  the  gracilis  ;  below,  on  their  in- 
ner side,  is  the  inner  head  of  the  gastrocnemius.  The  upper 
angle  of  this  space  is  formed  by  the  diverging  biceps  and  semi- 
tendinosus  ;  the  lower  angle  by  the  converging  heads  of  the 
gastrocnemius.  Passing  from  above  downwards  in  the  middle 
of  the  space,  and  in  the  following  order,  are  the  internal  popliteal 
nerve,  the  popliteal  vein  and  artery  ;  and  along  the  inner  border 
of  the  biceps  can  be  felt  the  external  popliteal  nerve.  Filling 
up  the  hollow  is  a  quantity  of  soft  fat,  with  some  lymphatic 
glands,  and  on  the  bone  rest  the  articular  arteries. 

Dissection.  —  A  vertical  incision  must  be  made  along  the 
middle  of  the  ham,  extending  from  six  inches  (75  cm.)  above,  to 
three  inches  (7.5  cm.)  below  the  knee  ;  transverse  incisions 
should  be  made  at  each  extremity  of  the  vertical,  so  that  the 
skin  may  be  conveniently  reflected.  In  doing  so,  care  must  be 
taken  to  preserve  the  cutaneous  branch  of  the  lesser  sciatic 
nerve,  which  descends  over  the  space  to  the  back  of  the  leg. 

The  muscular  fascia  covering  the  space  is  very  strong,  and 
strengthened  by  numerous  transverse  fibres.  It  is  pierced  by 
the  posterior  saphena  vein,  which  passes  in  to  join  the  popliteal 
vein. 

The  fascia  having  been  reflected,  the  muscles  and  tendons 
constituting  the  boundaries  of  the  popliteal  space  are  to  be 
cleaned.  The  boundaries  of  the  space  can  now  be  seen  to  be 
formed,  as  before  stated,  above,  by  the  divergence  of  the  ham- 
string muscles  to  reach  their  respective  insertions  ;  below,  by 
the  converging  heads  of  the  gastrocnemius  ;  its  shape  is  there- 
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fore  that  of  a  lozenge.  Above,  it  is  bounded  on  the  inner  side 
by  the  semi-tendinosus,  semimembranosus,  gracilis,  and  sarto- 
rius ;  on  the  outer  side,  by  the  biceps  ;  below,  it  is  bounded  on 
the  inner  side  by  the  internal  head  of  the  gastrocnemius  ;  on 
the  outer,  by  the  external  head  of  this  muscle  and  the  plantaris. 

The  space  is  occupied  by  a  quantity  of  fat,  which  permits  the 
easy  flexion  of  the  knee  ;  and  in  this  fat  are  found  the  popliteal 
vessels  and  nerves,  in  the  following  order  :  nearest  to  the  surface 
are  the  nerves  ;  the  artery  lies  close  to  the  bone,  the  vein  being 
superficial  to  the  artery  (Fig.  247,  p.  654). 

Great  Sciatic  Nerve.  — Along  the  outer  border  of  the  semi- 
membranosus, and  covered  by  the  long  head  of  the  biceps,  is  the 
great  sciatic  nerve,  which,  after  giving  off  branches  to  the  three 
great  flexor  muscles  and  the  adductor  magnus,  divides,  about  the 
lower  third  of  the  thigh  (higher  or  lower  in  different  subjects), 
into  two  large  nerves  —  the  peroneal  or  external  popliteal  and 
the  internal  popliteal. 

The  peroneal  nerve  runs  close  by  the  inner  side  of  the  tendon 
of  the  biceps*,  and  subsequently  in  the  groove  between  this  muscle 
and  the  outer  head  of  the  gastrocnemius,  towards  the  head  of  the 
fibula.  As  it  passes  round  the  joint  it  gives  off  two  articular 
(Fig.  240,  p.  639)  branches  to  the  outer  side  of  the  knee,  which 
accompany  the  external  superior  and  inferior  articular  arteries, 
and  a  recurrent  articular  branch,  which  runs  with  the  recurrent 
tibial  artery  to  the  front  of  the  knee.  It  supplies  also  two  or 
three  cutaneotis  brandies  to  the  posterior  and  outer  surfaces  of 
the  leg,  as  far  as  its  middle  third. 

The  communicans  peronei  (Fig.  247)  is  a  small  branch  given 
off  as  the  nerve  passes  over  the  gastrocnemius  ;  it  crosses  the 
outer  head  of  this  muscle  and  joins  the  external  saphenous, 
which  runs  down  the  back  of  the  calf,  and  behind  the  exterfial 
malleolus,  to  supply  the  outer  side  of  the  foot  and  little  toe. 

Below  the  head  of  the  fibula  we  have  already  traced  the  divis- 
ion of  the  peroneal  into  the  anterior  tibial,  and  the  musculo- 
cutaneous nerves  (p.  640). 

The  internal  popliteal  nerve,  the  larger  of  the  two  divisions  of 
the  great  sciatic  nerve,  accompanies  the  popliteal  artery,  and,  at 
the  lower  border  of  the  popliteus,  it  is  continued  under  the  name 
of  the  posterior  tibial.     The  nerve  in  the  popliteal  space  lies 

*  The  nerve  is,  therefore,  very  liable  lo  be  injured  in  the  operation  of  dividing 
the  outer  hamstring.  In  the  diagram  the  nerve  is  not  near  enough  to  the  tendon, 
their  connections  having  been  severed. 
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superficial  to  and  rather  external  to  the  artery,  and  gives  off 
four  or  five  muscular  branches  which  supply  the  two  heads  of 
the  gastrocnemius,  the  plantaris,  the  soleus,  and  the  popliteus  ; 
three  articular  branches,  two  accompanying  the  internal  superior 
and  inferior  articular  arteries,  the  third  piercing  the  back  of  the 
capsule  accompanied  by  the  azygos  artery  ;  and  the  sho'tt  or 
external  sapJienous,  which  descends  in  the  groove  between  the 


Outer  head  of  Gastroc 
nemius. 


Semi-tendinosus , 

Semimembranosus 
Gracilis. 

Sartorius. 


Inner  head  of  gastroc- 
nemius. 


Fig.  247.  —  Left  Popliteal  Space. 

two  heads  of  the  gastrocnemius,  is  joined  about  the  middle  of 
the  leg  by  the  communicans  peronei,  and  then,  running  down 
behind  the'outer  malleolus  in  company  with  the  external  saphena 
vein,  is  distributed  to  the  outer  side  of  the  foot  and  the  little  toe. 
The  continuation  of  the  internal  popliteal  nerve,  as  posterior 
tibial,  supplies  all  the  flexor  muscles  on  the  back  of  the  leg  and 
the  sole  of  the  foot. 

Popliteal  Vessels.  —  By  clearing  out  all  the  fat,  we  observe 
that  the  popliteal  vessels  enter  the  ham  through  an  aperture  in 
the  adductor  magnus,  and  descend  close  to  the  back  part  of  the 
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femur,  and  the  back  of  the  knee-joint.  At  first  they  are  par- 
tially .overkipped  (in  muscular  subjects)  by  the  semi-membra- 
nosus  ;  indeed,  the  outer  border  of  this  muscle  is  a  good  guide 
to  the  artery  in  the  operation  of  tying  it.  The  popliteal  artery 
lies  upon  the  triangular  surface  at  the  back  of  the  lower  third  of 
the  femur ;  then,  upon  the  ligamentum  posticum  Winslovvii ; 
and,  lastly,  upon  the  popliteus,  at  the  lower  border  of  which  it 
divides  into  the  anterior  and  posterior  tibial. 

Superficial  to  the  artery  are  the  semi-membranosus,  a  con- 
siderable am:junt  of  fat,  the  gastrocnemius,  the  plantaris,  the 
soleus,  the  popliteal  vein,  and  the  internal  popliteal  nerve ; 
internally,  it  has  the  semi-membranosus,  the  internal  condyle  of 
the  femur,  and  the  inner  head  of  the  gastrocnemius  ;  externally, 
it  has  the  biceps,  the  external  condyle,  the  outer  head  of  the 
gastrocnemius,  and  the  plantaris. 

The  artery  gives  off  the  external  and  internal  superior  articular  arteries; 
lower  down,  the  external  2iX\A  internal  inferior  articular  arteries,  the  superior  and 
inferior  muscular  branches,  the  azygos,  and  ciitaneous  branches.  The  description 
of  these  branches  of  the  popliteal  will  be  deferred  till  later,  until  the  muscles  of 
the  calf  have  been  reflected. 

The  articular  branches  which  come  from  the  popliteal  are  given  off  at  right 
angles  to  that  vessel ;  and  besides  these  it  gives  off  the  sural,  which  supply  the 
muscles  of  the  calf,  and  the  azygos  artery ;  close  to  the  vessel  is  the  articular 
branch  of  the  obturator  nerve,  which  supplies  the  knee-joint. 

The  popliteal  vein  lies  superficial  or  posterior  to  the  artery,  and  rather  to  its 
outer  side.  It  receives  the  short  saphena  vein.  Its  coats  are  remarkably  thick, 
and  on  transverse  section  resemble  those  of  an  artery  of  a  similar  size. 

Lymphatic  Glands. — Two  or  more  lymphatic  glands  are  situated  one  on 
each  .side  of  the  artery.  They  deserve  attention,  because,  when  enlarged,  their 
close  proximity  to  the  artery  may  communicate  a  pulsation  which  might  be  mis- 
taken for  an  aneurism. 


DISSECTION  OF  THE  BACK  OF  THE  THIGH. 

Dissection. — The  incision  should  be  continued  along  the 
rem. tinder  of  the  back  of  the  thigh,  and  the  skin  reflected. 
The  fat  should  be  removed,  and  the  cutaneous  branches  de- 
rived from  the  external  and  internal  cutaneous  nerves,  and  the 
small  sciatic,  should  be  carefully  sought  out. 

Cutaneous  Nerves  and  Veins.  —  The  skin  on  the  middle 
of  the  back  of  the  thigh  is  supplied  by  the  small  sciatic  nerve, 
which  runs  down  beneath  the  deep  fascia  as  far  as  the  middle 
third ;  then  pierces  it,  and  runs  down  as  far  as  the  middle  third 
of  the  calf,  distributing  branches  on  each  side.  On  the  outer 
side,  a  few  cutaneous  branches  from  the  posterior  division  of 
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the  external  cutaneous  nerve  supply  the  skin  as  far  as  the  middle 
third ;  on  the  inner  side  are  small  branches  from  the  small 
sciatic  and  the  internal  cutaneous  nerves  as  low  as  the  knee- 
joint. 

The  subcutaneous  veins  at  the  back  of  the  thigh  are  very 
small ;  here  they  would  be  liable  to  pressure.  But  near  the 
popliteal  space  there  is  a  vein,  called  the  external  or  shoi't 
saphe7ia.  It  comes  up  the  back  of  the  calf,  and  joins  the  pop- 
liteal vein  after  perforating  the  strong  fascia  covering  the  space. 

Muscular  Fascia.  —  Respecting  this,  remark  that  its  fibres 
run  chiefly  in  a  transverse  direction,  that  it  becomes  stronger 
as  it  passes  over  the  popliteal  space,  and  that  here  it  is  con- 
nected with  the  tendons  on  either  side.  Remove  it,  to  ex- 
amine the  powerful  muscles  which  bend  the  leg,  called  the 
hamstrings. 

Hamstring  Muscles. — There  are  three  of  these,  and  all 
arise  by  strong  tendons  from  the  tuber  ischii.  One,  the  biceps, 
passes  downwards  and  outwards  to  be  inserted  into  the  head  of 
the  fibula;  the  other  two — namely,  the  semi-tendinosus  and 
semi-membranosus  —  descend  inwards  and  are  inserted  into  the 
tibia.  The  divergence  of  these  muscles  towards  their  respec- 
tive insertions  occasions  the  space  termed  the /^//zV^«/,  which  is 
occupied  by  soft  fat,  the  popliteal  vessels,  nerves,  and  lymphatic 
glands. 

Biceps.  —  This  muscle  has  two  origins,  a  long  and  a  short. 
The  long  head  arises,  by  a  strong  tendon,  from  the  back 
part  of  the  tuber  ischii  in  common  with  the  semi-tendi- 
nosus ;  the  short  head,  by  fleshy  fibres,  from  the  outer  lip  of 
the  linea  aspera  of  the  femur  between  the  vastus  externus  and 
the  "adductor  magnus,  and  from  the  external  intermuscular 
septum  :  this  origin  begins  at  the  linea  aspera,  just  below  the 
insertion  of  the  gluteus  maximus,  and  continues  nearly  down  to 
the  external  condyle.  It  joins  the  long  head  of  the  muscle,  and 
both  terminate  on  a  common  tendon,  which  is  inserted  into  the 
outer  side  of  the  head  of  the  fibula,  by  two  portions  separated 
by  the  external  lateral  ligament  of  the  knee-joint.  It  also  gives 
off  a  strong  .  expansion  to  the  fascia  of  the  leg.  The  tendon 
covers  part  of  the  external  lateral  ligament  of  the  knee-joint, 
and  a  small  bursa  intervenes. 

The  biceps  is  not  only  a  flexor  of  the  leg,  but  rotates  the  leg, 
when  bent  outwards,  and  in  both  positions  performs  extension 
and   adduction.      It   is   the  muscle  which  in  chronic  disease  of 
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the  knee  dislocates  the  leg  outwards  and  backwards,  and  at  the 
same  time  rotates  it  outwards.  Each  head  of  the  biceps  is 
supplied  by  the  great  sciatic  nerve.  The  short  head  is  some- 
times supplied  by  the  peroneal. 


1 .  Long  head  of  the  biceps. 

2.  Common  tendon  for  the 
origin  of  biceps  (long 
head)  and  the  semiten- 
dinosus  attached  to  the 
tuberosity  of  the  ischi- 
um. 

3.  Inferior  tendon  of  the 
biceps. 

4.  Semitendinosus. 

5.  Its  tendon. 

6 .  6.  Expansion  of  this  ten- 
don into  the  aponeurosis 
of  the  leg. 

7.  Semimembranosus. 

8.  Its  inferior  tendon. 

9.  Gracihs. 

10.  Its  tendon. 

11.  Sartorius. 


12.  Vastus  externus. 

13.  Femoral  attachment  of 
the  gluteus  niaxinius. 

14.  Insertion  of  tlie  gluteus 
medius. 

15.  (Gluteus  mimimus. 

16.  Tendon  of  the  pyrifor- 
mis. 

17.  Tendon  of  the  obturator 
internus,  on  either  side  of 
which  are  attached  the 
gemelli. 

18.  Quadratus  femoris. 

10.  Internal  head  of  the 
gastrocnemius. 

20.  External  head. 

21.  Plantaris. 

22.  Popliteal    aponeurosis. 


Fig.  248.  —  1 1  A 


Muscles. 


Semitendinosus.  —  This  arises,  in  common  with  the 
biceps,  from  the  back  part  of  the  tuber  ischii  by  muscular 
fibres  and  also  from  the  inner  border  of  the  tendon  of  the 
biceps   for  about   three   inches   (7.5  cm.)     The   muscle  passes 
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downwards  and  inwards,  and  terminates  in  the  middle  of  the 
thigh  in  a  long  round  tendon,  which  rests  upon  the  semimem- 
branosus, and  is  inserted  into  the  upper  part  of  the  inner  surface 
of  the  tibia  by  an  expanded  tendon,  below  the  tendon  of  the 


1.  Common  tendon  of  ori- 
gin for  the  biceps,  semi- 
tendinosus,  and  semi- 
membranosus. 

2.  Semimembranosus. 

3.  Its  superior  tendon. 

4.  Its  inferior  tendon. 

5.  Middle  portion  of  this 
tendon. 

6.  Its  anterior  part. 

7.  Its  posterior  part. 

S.  Cut   long  head   of  the 
biceps. 
9.  Its  short  head. 
10.  Insertion  of  the  biceps 
to  the  head  of  the  fibula. 
11,11,11.   Adductor    mag- 
nus. 

12,  12.  Vascular  foramina. 

13,  Vastus  externus. 

14,  14.  Insertion  of  the  glu- 
teus maximus. 


15.  Severed  insertion  of 
the  above  into  the  fascia 
of  the  thigh. 

16.  Insertion  of  the  quad- 
ratus  femoris. 

17.  Tendon  of  the  obturator 
externus. 

18.  Insertion  of  the  gluteus 
medius. 

ig.  Obturator  internus. 

20.  Tendon  of  the  pyri- 
formis. 

21.  Gluteus  minimus. 

22.  Cut  internal  head  of  the 
gastrocnemius. 

23.  Cut  external  head. 

24.  Cut  plantaris. 

25.  Popliteus. 

26.  Soleus. 

27.  Ring  made  by  the 
soleus. 


Fig.  249. —  Short  Head  of  the  Biceps  and  Semimembranosus,  Muscles. 

gracilis,  and  behind  that  of  the  sartorius.  Like  them,  it  plays 
over  the  internal  lateral  ligament  of  the  knee,  and  is  provided 
with  a  bursa.     Its  nerve  comes  from  the  great  sciatic. 
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The  semitendinosus  sends  off  from  the  lower  border  of  its 
tendon  a  very  strong  fascia  to  cover  the  leg,  which  is  attached 
along  the  inner  edge  of  the  tibia.  The  middle  of  the  muscle 
is  usually  intersected  by  an  oblique  tendinous  line.  The  action 
of  this  muscle  with  the  femur  vertical  performs  internal  rota- 
tion, adduction,  extension,  and  the  same  functions  plus  external 
rotation  with  the  leg  at  90°.  With  the  femur  liorizontal  the 
same  functions,  whether  the  leg  is  at  90°  or  in  the  same  axis 
as  the  femur.* 

Semimembranosus.  —  This  muscle  arises  from  the  upper 
and  outer  facet  on  the  back  of  the  tuber  ischii,  above  and 
external  to  the  two  preceding,  by  means  of  a  strong  flat 
tendon,  which  extends  nearly  half-way  down  the  thigh.  This 
tendon  descends  obliquely  under  the  biceps  and  semitendi- 
nosus, and  terminates  in  a  bulky  muscle,  which  lies  on  a  deeper 
plane,  and  more  internal  than  the  others,  and  is  inserted  by  a 
thick  tendon  into  the  posterior  and  inner  part  of  the  internal 
tuberosity  of  the  head  of  the  tibia.  In  connection  with  the 
insertion  of  this  tendon,  notice,  (i)  that  from  its  inner  side  a 
strong  fasciculus  is  prolonged  forwards  under  the  internal 
lateral  ligament  of  the  knee,  and  that  a  bursa  intervenes  be- 
tween them  ;  (2)  that  from  its  outer  and  posterior  part  it  sends 
a  strong  prolongation  upwards  and  outwards  to  the  back  part 
of  the  external  condyle  of  the  femur,  forming  the  principal 
portion  of  the  ligamentnm  posticiim  Winslotvii,  which  covers 
the  back  of  the  knee-joint ;  (3)  that  a  dense  fascia  proceeds 
from  its  lower  border,  and  binds  down  the  popliteus  ;  (4)  that 
it  is  intimately  connected  with  the  semilunnar  cartilages  of  the 
joint,  so  as  to  keep  them  in  place  during  its  movements.  Its 
nerve  comes  from  the  great  sciatic. 

A  great  bursa  is  almost  invariably  found  between  the  semi- 
membranosus and  the  inner  head  of  the  gastrocnemius,  where 
they  rub  one  against  the  other.  It  is  generally  from  one  and 
a  half  to  two  inches  (J.<?  to  5.  cm.)  long.  The  chief  point  of  in- 
terest concerning  it  is,  that  it  occasionally  communicates  with  the 
synovial  membrane  of  the  knee-joint,  not  directly,  but  through 
the  medium  of  another  bursa  beneath  the  inner  head  of  the  gas- 
trocnemius. From  an  examination  of  i  50  bodies,  it  appers  that 
this  communication  exists  about  once  in  five  times  ;  and  it 
need  scarcely  be  said  that  the  proportion  is  large   enough   to 

*  Loc.  cit. ;  Dr.  Kb.  W.  Thomas. 
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make  us  cautious  in  interfering  with  this  bursa  when  it  becomes 
enlarged.*  The  action  of  the  muscle  with  the  femur  vertical 
performs  internal  rotation,  external  rotation,  adduction,  and 
extension,  and  the  same  functions  with  the  leg  at  90°.  With 
the  femur  horizontal,  adduction,  internal  rotation,  external  rota- 
tion, and  extension,  whether  the  leg  is  at  90°  or  in  the  same 
axis  as  the  femur.* 

Action  of  the  Hamstring  Muscles. — These  muscles  pro- 
duce two  different  effects,  according  as  their  fixed  point  is  at 
the  pelvis  or  the  knee.  With  the  fixed  point  at  the  pelvis, 
they  bend  the  knee  ;  with  the  fixed  point 
at  the  knee,  they  take  a  very  important 
part  in  maintaining  the  body  erect.  For 
instance,  if,  when  standing,  the  body  be 
bent  at  the  hip,  and  the  muscles  in  ques- 
tion be  felt,  it  will  be  found  that  they  are 
in  strong  action,  to  prevent  the  trunk 
from  falling  forwards  ;  they,  too,  are  the 
chief  agents  concerned  in  bringing  the 
body  back  again  to  the  erect  position. 
In  doing  this,  they  act  upon  a  lever  of 
the  first  order,  as  shown  in  Fig.  250  ;  the 
acetabulum  being  the  fulcrum  f,  the  trunk 
w,  the  weight  to  be  moved,  and  the  power 
p  at  the  tuber  ischii. 

To  put  the  action  of  the  miuscles  of 
the  thigh  on  the  pelvis  in  the  clearest 
point  of  view,  let  us  suppose  we  are 
standing  upon  one  leg :  the  bones  of  the 
lower  extremity  represent  a  pillar  which 
supports  the  weight  of  the  trunk  on  a 
ball-and-socket  joint  ;  the  weight  is  nicely  balanced  on  all  sides, 
and  prevented  from  falling  by  four  groups  of  muscles.  In 
front,  are  the  rectus  and  sartorius ;  on  the  inner  side,  the 
adductors  ;  on  the  outer  side,  the  gluteus  medius  and  minimus  ; 
behind,  the  hamstrings  and  gluteus  maximus. 

When  the  knee  is  semi-flexed,  the  semimembranosus  can  also 

*  When  the  bursa  in  question  becomes  enlarged,  it  occasions  a  fluctuating 
swelling  of  greater  or  less  dimensions  on  the  inner  side  of  the  popliteal  space. 
■  The  swelling  bulges  out,  and  becomes  tense  and  elastic  when  the  knee  is  extended, 
and  vice  versd.  As  to  its  shape,  it  is  generally  oblong ;  but  this  is  subject  to 
variety,  for  we  know  that  the  bursse,  when  enlarged,  are  apt  to  become  mul- 
tilocular,  and  to  extend  between  the  muscles  where  there  is  the  least  resistance. 


Fig.  250. 
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rotate  the  leg  inwards,  thus  assistmg  the  popHteus  ;  the  biceps 
can  also  in  the  same  position  of  the  knee  rotate  the  leg  slightly 
outwards. 

The  hamstring  muscles  are  supplied  with  blood  by  the  per- 
forating branches  of  the  profunda,  which  come  through  the 
tendon  of  the  adductor  magnus  close  to  the  femur,  and  by 
muscular  branches  from  the  popliteal  artery.  The  nerves  are 
derived  from  the  great  sciatic. 

Great  Sciatic  Nerve.  —  This  nerve  descends  from  the  gluteal  region  upon  the 
adductor  magnus,  and,  after  being  crossed  by  the  long  head  of  the  biceps,  runs 
along  the  outer  border  of  the  semimembranosus  down  the  popliteal  space.  The 
great  sciatic  divides  into  its  two  terminal  divisions  at  a  variable  distance  from  its 
exit  through  the  great  sciatic  foramen,  sometimes  high  up,  occasionally  lower 
down  than   usual.     The  further  course  of  this  nerve  has  already  been  described 

(P-  653)- 

Deferring  the  course,  relations,  and  branches  of  the  popliteal  artery  till  this 
vessel  is  e.xposed  throughout  its  whole  course,  pass  on  now  to  the  dissection  of 
the  calf. 

DISSECTION    OF  THE   BACK    OF   THE    LEG. 

Surface  Marking. — The  back  of  the  leg  gradually  narrows 
from  above  downwards  so  as  to  form  a  long  cone  ;  the  upper 
half  is  convex  and  fleshy,  corresponding  to  the  gastrocnemius 
and  the  soleus  muscles  ;  the  lower  half  suddenly  diminishes,  so 
that  the  posterior  borders  of  the  tibia  and  fibula  can  be  easily 
felt  extending  to  their  respective  malleoli.  In  a  well-developed 
subject  with  not  much  fat  the  two  heads  of  the  gastrocnemius 
can  be  seen  through  the  skin,  the  inner  head  being  the  broader 
and  lower  of  the  two  ;  the  tendon  into  which  they  are  inserted 
(tendo  Achillis)  rapidly  narrows  to  be  attached  to  the  posterior 
and  upper  part  of  the  tuberosity  of  the  os  calcis.  On  the  inner 
and  outer  sides  of  the  lower  part  of  this  tendon  there  is  a  well- 
defined  vertical  groove,  bounded  laterally  by  the  tibia  and  fibula. 
In  cases  of  synovial  disease  of  the  ankle-joint  these  grooves  are 
lost,  so  that  instead  of  a  depression  there  is  a  convexity.  In 
these  grooves  can  be  felt  the  tendons  passing  round  the  ankle 
behind  the  malleoli ;  on  the  inner  .side  are  the  tibialis  posticus, 
flexor  longus  digitorum,  and  flexor  longus  hallucis  ;  on  the 
outer  side  are  the  pcronei  longus  and  brevis. 

Continue  the  incision  down  the  centre  of  the  calf  to  the  heel, 
where  a  transverse  incision  must  also  be  made.  The  skin 
should  now  be  reflected,  taking  care  of  the  subcutaneous  veins 
and  nerves. 
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Short  or  Posterior  Saphena  Vein.  —  The  large  vein  seen  in 
the  middle  of  the  back  of  the  leg  is  called  the  slwrt  or  posterior 
saphena.  It  commences  on  the  outer  side  of  the  dorsum  of  the 
foot,  ascends  behind  the  outer  ankle,  where  it  has  a  communi- 
cation with  the  deep  veins,  and  then  runs  up  the  calf  between 
the  two  bellies  of  the  gastrocnemius,  receiving  numerous  veins  in 
its  course,  and  being  guarded  by  several  valves.  It  eventually 
passes  through  the  muscular  fascia,  and  joins  the  popliteal  vein. 

Cutaneous  Nerves. — The  back  of  the  leg  is  supplied  by 
cutaneous  nerves  :  in  the  middle,  above,  by  the  small  sciatic 
nerve,  and  below,  by  the  short  or  external  saphenous  ;  on  the 
outer  side,  by  the  communicans  peronei ;  and  on  the  inner 
side,  by  branches  from  the  internal  saphenous  nerve. 

Short  or  External  Saphenous  Nerve. — The  short  saphe- 
nous nerve*  is  derived  from  the  internal  popliteal  nerve  (Figs. 
240-247),  and  passes  down  beneath  the  deep  fascia  between  the 
two  heads  of  the  gastrocnemius  to  the  middle  of  the  calf,  where 
it  pierces  the  fascia.  Here  it  is  joined  by  a  branch  from  the 
peroneal  nerve  {conimnnicans peronei)  ;  it  then  descends  with 
the  short  saphena  vein,  usually  on  its  fibular  side,  and  is  finally 
distributed  to  the  outer  side  of  the  foot  and  the  little  toe. 

To  expose  the  muscles  of  the  calf,  reflect  the  muscular  fascia 
by  incisions  corresponding  to  those  made  through  the  skin. 

Muscles  of  the  Calf.  —  The  great  flexor  muscle  of  the  foot 
consists  of  two  portions  :  the  superficial  one,  called  the  gas- 
trocnemius, arises  from  the  lower  end  of  the  femur  ;  the  deep 
one,  called  the  soleus,  arises  from  the  tibia  and  fibula.  They 
are  attached  to  one  thick  tendon,  called  the  tendo  Achillis,  which 
is  inserted  into  the  os  calcis. 

Gastrocnemius.  —  This  muscle  arises  by  two  strong  tendi- 
nous heads  from  the  back  of  the  condyles  of  the  femur  (Fig. 
251).  The  inner  head  is  the  larger,  longer,  and  more  muscular, 
and  arises  from  a  depression  at  the  upper  and  back  part  of  the 
internal  condyle,  and,  for  a  short  distance,  by  fleshy  fibres  from 
the  line  leading  from  the  linea  aspera  to  the  internal  condyle  ; 
the  outer  head  from  the  back  and  upper  part  of  the  external 
condyle  above  the  popliteus,  and  also  from  the  line  leading  to 
the  linea  aspera.  The  two  parts  of  the  muscle  descend,  distinct 
from  each  other,  and  form  the  two  bellies  of  the  calf,  of  which 

*  This  nerve  is  sometimes  called  the  cojmmmicans  poplitei,  and  does  not  take 
the  name  of  short  saphenous  nerve  till  its  junction  with  the  communicans  peronei 
(P-653)- 
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the  inner  is  rather  the  lower.  Both  tcfininatc,  rather  below  the 
middle  of  the  leg,  on  the  broad  commencement  of  the  tendo 
Achillis. 

The  gastrocnemius  should  be  divided  transversely  near  its 
attachment  to  the  tendo  Achillis,  and  reflected  upwards  from 


1.  Tendo  Achillis. 

2.  Soleus. 

3.  Plantaris. 

4.  Its  tendons. 

5.  Popliteus. 

6.  Annular  fibres  of  the  soleus. 

7.  Origin   of  the  inner  head  of 

the  gastrocnemius. 

8.  Same  of  the  outer  head, 
g.   Tendon  of  the  biceps. 

10.  Tendon  of  the  semi-membra- 

nosus. 

11.  Adductor  magnus. 


12.  Its  tendon. 

13.  Lower  opening  of  Hunter's 

canal. 

14.  External   intermuscular  sep- 

tum. 

15.  Vastus  externus. 

16.  Tendon  of   the  flexor  longus 

digitorum. 

17.  Tendon  of  the  peroneus  lon- 

gus. 

18.  Tendon     of     the      peroneus 

brevis. 

19.  Flexor  longus  hallucis. 


Fir,.  251.  —  Muscles  of  tiih  Cai.f. 

the  subjacent  soleus,  as  high  as  its  origin.  By  this  proceeding 
you  observe  that  the  contiguous  surfaces  of  the  muscles  are  cov- 
ered by  a  glistening  tendon,  which  receives  the  insertion  of  their 
fibres,  and  transmits  their  collected  force  to  the  tendo  Achillis. 
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Observe  also  the  large  sural  vessels  and  nerves  (branches  of 
the  popliteal)  which  enter  the  mesial  aspect  of  each  head  of 
the  muscle.  To  facilitate  the  play  of  the  inner  tendon  over  the 
condyle,  there  is  a  bursa,  which  generally  communicates  with 
the  knee-joint ;  and  in  the  substance  of  the  outer  tendon  is 
commonly  found  a  small  piece  of  fibro-cartilage.  Lastly,  be- 
tween the  gastrocnemius  and  soleus  is  the  tendon  of  the  plan- 
taris, 

Plantaris.  —  This  small  muscle  *  arises  from  the  rough  line 
leading  from  the  linea  aspera  to  the  outer  condyle  of  the  femur, 
and  from  the  posterior  ligament  of  the  knee-joint.  It  descends 
close  to  the  inner  side  of  the  outer  head  of  the  gastrocnemius, 
having  a  fleshy  belly  for  about  two  inches  (5  cm.),  and  termi- 
nates, a  little  below  the  knee,  in  a  long,  thin  tendon,  which  can 
be  traced  down  the  inner  border  of  the  tendo  Achillis  to  the 
calcaneum.  This  muscle  is  occasionally  absent.  Its  nerve 
comes  from  the  internal  popliteal. 

Soleus.  —  This  muscle  arises  by  tendinous  fibres  from  the 
head  and  from  the  upper  third  of  the  posterior  surface  of  the 
fibula,  from  the  oblique  ridge  on  the  back  of  the  tibia,f  from  about 
the  middle  third  of  the  inner  border  of  this  bone,  and  from  an 
aponeurotic  arch  thrown  over  the  posterior  tibial  vessels.  The 
muscular  fibres  bulge  out  beyond  the  gastrocnemius,  and  termi- 
nate on  a  broad  tendon,  which,  gradually  contracting,  forms  a 
constituent  part  of  the  tendo  Achillis,  The  muscle  lies  upon 
the  flexor  longus  digitorum,  the  tibialis  posticus,  the  flexor 
longus  hallucis,  and  the  posterior  tibial  vessels  and  nerve.  The 
soleus  is  supplied  with  blood  by  several  branches  from  the  pos- 
terior tibial  ;  also  by  a  large  branch  from  the  peroneal.  Its 
neive  comes  from  the  internal  popliteal  and  enters  the  top  of 
the  muscle.  This  is  an  important  muscle  in  a  surgical  point  of 
view,  for  two  reasons  —  (i)  by  reflecting  its  tibial  origin,  we  can 
reach  the  posterior  tibial  artery  ;  (2)  by  reflecting  its  fibula 
origin  we  can  reach  the  peroneal. 

The  tendo  Achillis,  the  common  tendon  of  the  gastrocnemius 
and  soleus,  begins  about  the  middle  of  the  leg,  and  is  at  first  of 

*  This  is  the  representative  of  the  palmaris  longus  of  the  forearm.  In  man 
it  is  lost  on  the  calcaneum,  but  in  monkeys,  who  have  prehensile  feet,  it  is  the 
proper  tensor  muscle  of  the  plantar  fascia.  It  is  remarkably  strong  in  bears  and 
plantigrade  mammals. 

t  The  tibial  and  fibular  origins  of  the  soleus  constitute  what  some  anatornists 
describe  as  the  two  heads  of  the  muscle.  Between  them  descend  the  popliteal 
vessels,  protected  by  a  tendinous  arch. 
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considerable  breadth,  but  it  gradually  contracts  and  becomes 
thicker  as  it  descends.  The  narrowest  part  of  i:  is  about  one 
inch  and  a  half  {J.8  cm)  above  the  heel  ;  here,  therefore,  it  can 
be  most  conveniently  and  safely  divided  for  the  relief  of  club- 
foot. There  is  no  risk  of  injuring  the  deeper-seated  parts,  be- 
cause they  are  separated  from  the  tendon  by  a  quantity  of  fat. 
Its  insertion  is  into  the  under  and  back  part  of  the  tuberosity  of 
the  OS  calcis.  The  tendon  previously  expands  a  little  ;  between 
it  and  the  bone  is  a  bursa  of  considerable  size. 

The  action  of  the  gastrocnemius  and  soleus  is  to  raise  the 
body  on  the  toes.  Since  the  gastrocnemius  passes  over  two 
joints,  it  has  the  power  (like  the  rectus)  of  extending  the  one 
while  it  bends  the  other,  and  it  is,  therefore,  admirably  adapted 
to  the  purpose  of  walking.  For  instance,  by  first  extending  the 
foot  it  raises  the  body  ;  and  then,  by  bending  the  knee,  it  trans- 
mits the  weight  from  one  leg  to  the  other.  Supposing  the  fixed 
point  to  be  at  the  heel,  the  gastrocnemius  is  also  concerned  in 
keeping  the  body  erect,  for  it  keeps  the  tibia  and  fibula  perpen- 
dicular on  the  foot,  and  thus  counteracts  the  tendency  of  the 
body  to  fall  forwards. 

The  tendo  Achillis,  in  pointing  the  toes,  acts  upon  a  lever  of 
\.\\Q.  first  order.  The  fulcrum  is  at  the  ankle-joint,  f  (Fig.  250) ; 
the  resistance,  w  ,  at  the  toes  ;  the  power  at  the  heel,  p.  All  the 
conditions  are  those  of  a  lever  of  the  first  order.  The  power 
and  the  weight  act  in  the  same  direction  on  opposite  sides  of  the 
fulcrum.  In  raising  the  body  on  tiptoe,  the  tendo  Achillis  acts 
as  a  lever  of  the  second  order  ;  the  fulcrum  being  then  at  the 
ball  of  the  great  toe,  and  the  weight  of  the  body  at  the  ankle. 

Course  and  Relations  of  the  Popliteal  Artery.  —  After 
passing  through  the  opening  in  the  tendon  of  the  adductor 
magnus,  the  femoral  artery  takes  the  name  of  popliteal.  It 
descends  nearly  perpendicularly  behind  the  knee-joint,  between 
the  origins  of  the  gastrocnemius,  as  far  as  the  lower  border  of 
the  popliteus,  where  it  divides  into  the  anterior  and  posterior 
tibial.  In  its  descent  it  lies,  first,  upon  the  lower  part  of 
the  femur,  and  here  it  is  slightly  overlapped  by  the  semi- 
membranosus ;  next,  it  lies  upon  the  posterior  ligament  of  the 
knee-joint ;  and,  lastly,  upon  the  popliteus.  At  its  lower  part 
the  artery  is  covered,  at  first  by  the  semi-mcmbranosu.s,  the 
popliteal  vein,  the  internal  popliteal  nerve,  and  a  considerable 
amount  of  fat  ;  then,  lower  down,  by  the  gastrocnemius  and 
soleus,  and  it    is  crossed   by  the  plantaris.     The  vein  closely 
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accompanies  the  artery,  and  is  situated  superficially  with  regard 
to  it,  and  rather  to  its  outer  side  in  the  first  part  of  its  course. 
The  internal  popliteal  nerve  runs  also  in  a  similar  direction 
with  the  vein,  but  is  still  more  superficial  and  to  the  outer  side 

(Fig.  247).  The  vessels  and  the 
nerve  are  surrounded  by  fat,  and 
one  or  two  lymphatic  glands  are 
generally  found  in  the  immediate 
neighborhood  of  the  artery,  just 
above  the  joint. 

The  branches  of  the  popliteal 
artery  are — the  articular,  the  sural, 
and  the  cutaneous. 

There  are  five  articidar  branches 

'°"  ^^^'  for  the  supply  of  the  knee-joint  and 

the  articular  ends  of  the  bones ;    the  two  superior —  external 

and  ijiternal  —  run,  one  above  each  condyle,  close  to  the  bone  ; 

the  two  inferior — external  d^ndi  internal — run  below  the  joint. 

1.  The  superior  external  articular  artery  runs  above  the  external  condyle, 
passes  beneath  the  biceps,  and  through  the  intermuscular  septum :  it  then  divides 
into  a  superficial  and  a  deep  branch ;  the  superficial  supplies  the  vastus  externus, 
and  then  fonns  part  of  the  patellar  arterial  plexus ;  the  deep  branch  keeps  close 
to  the  femur  and  supplies  the  knee,  forming  an  arch  above  the  joint  with  a  branch 
from  the  anastomotica  magna. 

2.  The  superior  internal  articular  arteiy  runs  above  the  internal  condyle, 
under  the  tendon  of  the  adductor  magnus  and  vastus  internus,  and  divides  into 
two  branches,  a  superficial  and  a  deep,  which  take  a  corresponding  course  to 
those  on  the  outer  side. 

3.  The  inferior  external  artictilar  artery  runs  under  the  gastrocnemius,  over 
the  popliteus,  then,  passing  beneath  the  external  lateral  ligament  and  the  tendon 
of  the  biceps,  it  reaches  the  patella,  where  it  breaks  up  into  branches  anastomos- 
ing with  the  other  articular  arteries,  and  the  recurrent  branch  of  the  anterior  tibial 
artery. 

4.  The  inferior  internal  articidar  artery  runs  between  the  tuberosity  of  the 
tibia  and  the  internal  lateral  Hgament,  and  supphes  the  inner  and  anterior  part  of 
the  joint. 

5.  The  azygos  artery  is  given  off  from  the  deep  aspect  of  the  popliteal,  pierces 
the  ligamentum  posticum  Winslowii,  to  supply  the  crucial  hgaments  and  the 
synovial  membrane. 

The  several  articular  arteries  form  over  the  front  and  sides  of  the  joint  a  net- 
work of  vessels,  which  anastomose,  superiorly,  with  the  descending  branch  of  the 
external  circumflex  and  the  anastomotica  magna;  inferiorly,  mth  the  anterior 
tibial  recurrent ;  and  also  among  themselves.  It  is  mainly  through  these  channels 
that  the  collateral  circulation  is  established  in  the  leg  after  ligature  of  the  super- 
ficial femoral. 

The  sural  arteries  proceed  one  to  each  head  of  the  gastrocnemius,  and  are  pro- 
portionate in  size  to  the  muscle ;  one  or  two  branches  are  distributed  to  the 
soleus.  These  arteries  are  accompanied  by  branches  of  the  internal  popliteal 
nerve  for  the  supply  of  the  muscles. 
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The  superior  muscular  branches  supply  the  vasti  and  hamstring  muscles,  and 
inosculate  with  the  perforating  and  articular  arteries. 

Cutaneous  arteries  pass  down  between  the  gastrocnemius  and  the  skin  supply- 
ing the  integument  of  the  calf,  as  far  as  the  middle  of 
the  leg. 

Popliteal  Vein.  —  This  vein  is  fornied  by  the  junc- 
tion of  the  vena;  comites  of  the  anterior  and  posterior 
tibial  arteries,  and  is  situated  superficial  to  the  artery. 
It  crosses  obliquely  from  the  inner  to  the  outer  side  of 
the  artery,  and  is  continued  upwards  as  the  femoral. 
It  receives  in  the  popliteal  space  the  short  saphena, 
the  articular,  and  sural  veins.  It  is  usually  provided 
with  tour  valves.  The  insertion  of  the  tendon  of  the 
semi-membranosus  into  the  head  of  the  tibia,  and  its 
several  connections  (described  p.  659),  should  now  be 
fully  examined. 

Popliteus.  —  This  triangular  muscle 
arises  ("Fig.  251,  5)  within  the  capsule  of 
the  knee-joint,  from  a  depression  on  the 
outside  of  the  external  condyle,  and  from 
the  posterior  ligament  of  the  knee,  by  a 
thick  tendon,  which  runs  beneath  the  ex- 
ternal lateral  ligament  and  the  tendon  of 
the  biceps.  The  muscular  fibres  gradually 
spread  out,  and  are  inserted  into  the  tri- 
angular surface  of  the  tibia  above  the 
soleal  ridge  on  the  bone,  and  into  the 
aponeurotic  expansion  covering  the  mus- 
cle. It  is  supplied  by  a  branch  of  the  in- 
ternal popliteal  nerve,  which  enters  its 
deep  surface.  Its  action  is  to  flex  the  leg, 
and  then  to  rotate  the  tibia  inwards.  The 
tendon  plays  over  the  articulation  between 
the  tibia  and  fibula;  and  a  bursa  intervenes, 
which  generally  communicates  by  a  wide 
opening  with  the  knee-joint.  The  tendi- 
nous origin  grooves  the  external  semilunar 
cartilage,  and  has  an  investment  from  the 
synovial  membrane  of  the  knee.  The 
action  of  this  muscle  is  to  flex  the  knee 
feebly,  and  when  flexed,  to  rotate  internally 
and  keep  the  posterior  ligament  from  being 
pinched  during  flexion. 

Reflect  the  soleus  from  its  origin,  and  remove  it  from  the 
deep-seated  muscles,  observing  at  the  same  time  the  mm-icrous 
arteries  which  enter  its  under  surface.     This  done,  notice  the 


Fig.  253.  —  Popliteal  and 
Posterior  Tibial  Arteries. 

1.  Tendons  of  the  inner  ham- 
string. 2.  Tendon  of  tlie  bi- 
ceps. 3.  Popliteus  m.  4. 
Flexor  longus  digitorum.  5. 
Tibialis  posticus.  6.  Fibula, 
with  flexor  longus  hallucis 
removed.  7.  Peroneus  longus 
and  brevis.  8.  Lower  jiart 
of  the  flexor  longus  hallucis. 
g.  Pojiliteal  artery.  10.  An- 
terior tibial  artery.  11.  Pos- 
terior tibial  artery.  12. 
Flexor  and  posterior  tibial 
tendons.  13.  Peroneal  artery 
dividing  into  two  branches. 
14.  Posterior  peroneal  artery. 
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deep  fascia  which  separates  the  superficial  and  the  deep  layers 
of  muscles  and  which  binds  down  the  deep  muscles.  It  is  at- 
tached to  the  margins  of  the  tibia  and  the  fibula  on  either  side, 
increases  in  strength  towards  the  ankle,  and  forms  an  internal 
annular  ligament  which  confines  the  ten- 
dons and  the  vessels  and  nerves  in  their 
passage  into  the  sole  of  the  foot. 

The  deep  fascia  should  now  be  re- 
moved from  the  deep  muscles,  which 
must  be  cleaned  in  the  course  of  their 
muscular  fibres. 

Deep  Muscles  on  the  Back  of  the 
Leg.  —  There  are  three  :  the  flexor  longus 
digitorum  on  the  tibial  side ;  the  flexor 
longus  hallucis  on  the  fibular ;  the  tib- 
ialis posticus  upon  the  interosseous 
membrane,  between  and  beneath  them 
both. 

Flexor  Longus  Digitorum.  —  This 
arises  from  the  posterior  surface  of  the 
tibia,  commencing  below  the  popliteus, 
and  extending  to  within  four  inches  {10 
cm.)  of  the  lower  end  of  the  bone,  also 
from  the  fascial  septum  between  it  and 
the  tibialis  posticus.  The  fibres  termi- 
nate on  a  tendon  which  is  placed  on  the 
tibial  side  of  the  muscle,  and  it  runs 
through  a  groove  behind  the  inner  ankle, 
lined  by  a  special  synovial  sheath.  It 
enters  the  sole  and  divides  into  four  ten- 
dons, which  are  inserted  into  the  ungual 
phalanges  of  the  four  outer  toes.  It  is 
supplied  by  the  posterior  tibial  nerve. 
The  action  of  this  muscle  is  to  flex  the 
four  outer  toes,  the  mid  tarsal  joint,  to 
point  the  foot  and  to  preserve  the  arch 
of  the  instep. 

Flexor  Longus  Hallucis. — This  powerful  muscle  arises 
from  the  lower  two-thirds  of  the  posterior  surface  of  the  fibula, 
from  the  septum  between  it  and  the  peronei,  from  the  lower 
part  of  the  interosseous  membrane,  and  from  the  aponeurosis 
over  the  tibialis  posticus.     The  fibres  terminate  on  a  tendon 


Fig.  254.  —  Deep  Muscles  on 
THE  Back  of  the  Leg. 

I.  Femur.  2.  Posterior  liga- 
ment (Winslow's).  3.  Ten- 
don of  semimembranosus  di- 
viding into  three  slips.  4.  In- 
ternal lateral  ligament  of  the 
knee-joint.  5.  Long  external 
lateralligament.  6.  Popliteus. 

7.  Flexor  longus  digitorum. 

8.  Tibialis  posticus.  9.  Flexor 
longus  hallucis.  10.  Peroneus 
longus.  II.  Peroneus  brevis. 
12.  Tendo  Achillis.  13.  Ten- 
don of  tibialis  posticus. 
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which  runs  through  a  groove  on  the  back  of  the  lower  extremity 
of  the  tibia,  then  through  the  groove  on  the  back  of  the  as- 
tragalus, thence  it  passes  through  another  groove  on  the  under 
aspect  of  the  sustentaculum  tali,  and  is  inserted  into  the  ungual 
phalanx  of  the  great  toe.  The  chief  action  of  this  muscle  is 
to  raise  the  body  on  the  tip  of  the  great  toe.  It  is  essential  to 
the  propulsion  of  the  body  in  walking,  as  the  great  toe  is  the 
last  portion  of  the  foot  to  leave  the  ground,  and  therefore  adds 
great  firmness  to  the  gait  of  the  individual.  It  is  supplied  by 
the  posterior  tibial  nerve. 

Tibialis  Posticus.  —  This  is  so  concealed  between  the  two 
preceding  muscles  that  it  cannot  be  properly  examined  without 
reflecting  them.  It  arises  (Fig.  254,  8)  by  two  processes  from 
the  interosseus  membrane,  between  which  the  anterior  tibial 
artery  passes  forwards,  from  the  opposite  surfaces,  of  the  tibia 
and  fibula  for  about  their  middle  three-fifths,  and  from  the 
aponeurosis  covering  it.  In  the  lower  part  of  the  leg  it  passes 
between  the  tibia  and  the  flexor  longus  digitorum.  Its  muscular 
fibres  terminate  on  a  tendon  which  comes  into  view  a  short 
distance  above  the  inner  malleolus,  and,  running  through  the 
same  groove  with  the  tendon  of  the  flexor  longus  digitorum, 
enters  the  sole,  and  is  inserted  into  the  scaphoid  and  internal 
cuneiform  bones,  and  by  fibrous  prolongations  into  most  of  the 
tarsal  and  metatarsal  bones.  Its  action  is  to  bend  and  turn  the 
foot  inwards.  It  is  supplied  by  the  posterior  tibial  nerve. 
The  precise  situation  of  the  tendon  of  the  tibialis  posticus  is 
interesting,  surgically,  because  the  tendon  has  to  be  divided 
for  the  relief  of  talipes  varus.  It  lies  close  to,  and  parallel 
with,  the  inner  edge  of  the  tibia,  so  that  this  is  the  guide  to 
it.  It  is  necessary  to  relax  the  tendon,  while  the  knife  is  in- 
troduced between  the  tendon  and  the  bone.  Its  synovial  sheath 
commences  about  i^inch  {^^.8  cm.)  above  the  end  of  the  in- 
ternal malleolus,  and  is  consequently  opened  in  the  operation. 

Attention  should  now  be  directed  to  the  internal  or  posterior 
annular  ligament,  which  binds  down  the  tendons  behind  the 
inner  ankle. 

It  is  attached  to  tlic  internal  malleolus  and  the  inner  border 
of  the  OS  calcis.  It  is  continuous,  above,  with  the  deep  fascia  of 
the  leg,  below  with  the  plantar  fascia  and  the  adductor  hallucis. 
Beneath  it  are  a  scries  of  compartments  through  which  pass 
the  tendons  of  the  deep-seated  muscles  of  the  leg  and  the 
vessels  into  the  sole  of  the  foot.     The  relative  positions  of  the 
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Structures  passing  under  this  ligament,  proceeding  from  within 
outwards,  are  —  the  tendons  of  the  tibiahs  posticus,  and  the 
flexor  longus  digitorum  ;  the  posterior  tibial  artery  accom- 
panied by  its  venae  comites ;  the  posterior  tibial  nerve;  and, 
lastly,  the  tendon  of  the  flexor  longus  hallucis.  Each  of  the 
tendons  is  lined  by  a  separate  synovial  membrane,  as  they  pass 
behind  the  inner  ankle. 

Course  and  Relations  of  the  Posterior  Tibial  Artery. — 
This  artery  is  one  of  the  branches  into  which  the  popliteal 
divides  at  the  lower  border  of  the  popliteus.  It  descends  (Fig. 
253)  between  the  superficial  and  the  deep  muscles  at  the  back 
of  the  leg  to  the  interval  between  the  internal  malleolus  and  the 
OS  calcis,  and,  entering  the  sole,  divides  beneath  the  abductor 
hallucis  into  the  external  and  internal  plantar  arteries.  It  lies, 
first,  for  a  short  distance,  tipon  the  tibialis  posticus,  then  on  the 
flexor  longus  digitorum  ;  but  behind  the  ankle  it  is  in  contact 
with  the  tibia,  so  that  here  it  can  be  felt  beating,  and  effectually 
compressed  ;  and  lastly  on  the  back  of  the  ankle-joint.  In  the 
upper  part  of  its  course,  it  runs  nearly  midway  between  the 
bones,  and  is  covered  by  the  gastrocnemius  and  soleus,  and  is 
crossed  obliquely  from  within  outwards  by  the  posterior  tibial 
nerve.  To  tie  the  artery,  therefore,  in  this  situation,  is  difficult ; 
but  in  the  lower  part  of  its  course  it  gradually  approaches  the 
inner  border  of  the  tibia,  from  which,  generally  speaking,  it  is 
not  more  than  half  or  three-quarters  of  an  inch  (/J  to  1 8  mm.) 
distant.  Here,  being  comparatively  superficial,  it  may  easily  be 
tied.  Immediately  behind  the  internal  malleolus,  it  lies  between 
the  tendons  of  the  flexor  longus  digitorum  on  the  inner  side, 
and  the  flexor  longus  hallucis  on  the  outer.  It  has  two  venae 
comites,  which  communicate  at  intervals.  The  posterior  tibial 
nerve  which  accompanies  the  artery  is  at  its  upper  third  on  its 
inner  side,  then  crosses  over  it,  and  for  the  lower  two-thirds 
of  its  course  lies  external  to  the  artery.  Its  branches  are  as 
follows  :  — 

a.  NumeroTis  inusatlar  branches  to  the  soleus,  the  peronei,  and  the  deep 
muscles. 

b.  The  peroneal  (Fig.  253)  is  a  branch  of  considerable  size,  —  often  as  large  as 
the  posterior  tibial.  Arising  about  an  inch  (^.j  cm.)  below  the  division  of  the 
popliteal,  it  descends  close  to  the  interosseous  border  of  the  fibula,  and  then  over 
the  articulation  between  the  tibia  and  fibula  to  the  outer  part  of  the  os  calcis, 
where  it  inosculates  with  the  malleolar  and  plantar  arteries.  All  down  the  leg  it 
is  imbedded  among  the  muscles  —  being  covered :  first  by  the  soleus,  afterwards 
by  the  flexor  longus  hallucis,  by  the  fibres  of  which  it  is  more  or  less  surrounded. 
To  both  these  muscles,  to  the  latter  especially,  it  sends  numerous  branches,  and 
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just  above  the  ankle  it  gives  off  a  constant  one,  —  the  anterior  peroneal, — which 
passes  through  the  interosseous  membrane  to  the  under  aspect  of  the  peroneus 
tertius,  then  runs  in  front  of  the  inferior  tibio-fibular  articulation,  and  inosculates 
with  the  other  malleolar  and  tarsal  arteries.  The  peroneal  supplies  the  jiutrieitt 
artery  of  the  fibula. 

c.  The  cominitnicathig  artery  passes  transversely  across  the  interosseous  mem- 
brane about  an  inch  (s.j  itn.)  above  the  os  calcis.  It  runs  under  the  tendon  of 
the  fie.xor  longus  hallucis,  and  anastomoses  with  the  peroneal  artery. 

d.  The  internal  calcanean  arteries,  several  in  number,  run  down,  ramifying  over 
the  posterior  and  inner  aspect  of  thetendo  Achillis  and  os  calcis  :  they  anastomose 
with  the  internal  malleolar  and  peroneal  arteries. 

e.  The  niitrient  artery  to  the  tibia  enters  the  bone  about  an  inch  (2.^  cm.)  below 
the  oblique  line,  the  foramen  through  which  it  passes  being  directed  away  from 
the  knee-joint. 

The  posterior  tibial  veins,  formed  by  the  junction  of  the  external  and  internal 
plantar  veins,  accompany  the  artery  as  vence  coniites,  and,  after  receiving  the  pero- 
neal veins,  join  A\-ith  the  veins  corresponding  to  the  anterior  tibial  artery,  at  the 
lower  border  of  the  popliteus,  to  fomi  the  popliteal  vein. 

Posterior  Tibial  Nerve. — This  is  the  continuation  of  the 
popHteal.  It  descends  close  to  its  corresponding  artery,  and, 
behind  the  inner  malleolus,  divides  into  the  external  and  in- 
ternal plantar  nerves.  In  the  first  part  of  its  course  the  nerve 
lies  superficial  to  the  artery,  and  rather  to  its  inner  side ;  but 
lower  down  the  nerve  crosses  the  artery,  and  passes  to  its  outer 
side,  and  lies  to  the  inner  border  of  the  tendo  Achillis.  It  sup- 
plies branches  to  the  three  deep-seated  muscles,  the  branch  to 
the  flexor  longus  hallucis  accompanying  the  peroneal  artery  ; 
and  a  cutaneous  branch — calcanco-plantar — which  pierces  the 
internal  annular  ligament,  and  supplies  the  skin  of  the  heel  and 
the  inner  side  of  the  sole  of  the  foot. 


THE    DISSECTION    OF  THE   SOLE   OF  THE   FOOT. 

Surface-Marking. — The  skin  of  the  sole  is  remarkably 
thick,  especially  over  the  os  calcis  and  the  heads  of  the  meta- 
tarsal bones.  The  sole  of  the  foot  is  convex,  and  narrow  be- 
hind, but  gradually  increases  in  breadth  forwards  to  the  clefts 
of  the  toes.  The  inner  arch  of  the  foot,  extending  from  the 
inner  tuberosity  of  the  os  calcis  to  the  distal  end  of  the  first 
metatarsal  bone,  is  well  marked  in  a  well-developed  foot ;  along 
this  arch  can  be  distinguished  the  sustentaculum  tali ;  about  an 
inch  {2.^ cm.)  in  front  of  this  is  the  prominent  tubercle  of  the 
scaphoid,  and  another  inch  (2.^  cm.)  in  front  of  this  we  can  feel 
the  articulation  between  the  internal  cuneiform  and  the  base  of 
the  metatarsal  bone  of  the  great  toe.     The  outer  arch  of  the 
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foot  is  neither  so  deep  nor  so  long  as  the  inner  ;  it  extends  from 
the  external  tubercle  of  the  os  calcis  to  the  base  of  the  meta- 
tarsal bone  of  the  little  toe,  and  along  it  we  can  recognize  the 
peroneal  tubercle  of  the  os  calcis  and  the  base  of  the  fifth  meta- 
tarsal bone.  The  transverse  arch,  between  the  heads  of  the 
metatarsal  bones,  is  not  well  marked  through  the  skin,  for  it 
is  obscured  by  the  tense  plantar  fascia.  The  plantar  fascia 
can  be  made  tense  by  extending  the  foot,  when  its  narrowest 
part  is  seen  to  be  about  one  inch  (2.5  cm^  in  front  of  the  os 
calcis.  The  course  of  the  external  plantar  artery  is  indicated 
by  a  line  drawn  from  the  internal  tubercle  of  the  os  calcis  to 
the  base  of  the  fifth  metatarsal  bone ;  that  of  the  internal 
plantar  artery  by  a  line  drawn  from  the  same  tuberosity  to 
the  first  interosseous  space. 

Dissection. — The  foot  should  be  firmly  fixed  to  a  block 
with  the  sole  directed  towards  the  dissector,  and  the  toes 
either  fastened  by  string  or  nailed  to  the  block,  so  as  to  put 
the  plantar  fascia  on  the  stretch.  Make  a  perpendicular  in- 
cision down  the  middle  of  the  sole;  another  transverse  one 
across  the  foot  at  the  clefts  of  the  toes,  and  continue  the 
perpendicular  incision  along  the  middle  of  the  toes  to  their  termi- 
nations. Reflect  the  skin,  and  notice  the  peculiar  structure  of 
the  subcutaneous  tissue.  It  is  composed  of  globular  masses  of 
fat,  separated  by  strong  fibrous  septa,  and  forms  elastic  pads, 
especially  marked  at  the  heel,  and  at  the  ball  of  the  great  and 
the  little  toes,  these  being  the  points  which  form  the  tripod 
supporting  the  arch  of  the  foot. 

In  removing  the  subcutaneous  tissue  from  the  ball  of  the 
great  and  the  little  toes,  we  often  meet  with  bursae,  simple  or 
multilocular.  They  are  generally  placed  between  the  skin  and 
the  sesamoid  bones,  and  have  remarkably  thick  walls.  Fre- 
quently an  artery  and  nerve  can  be  traced  running  directly 
through  one  of  these  sacs,  which  explains  the  acute  pain  pro- 
duced by  their  inflammation. 

Cutaneous  Nerves.  —  In  the  fat  the  student  must  make 
out  the  ciLtancous  branch  of  the  posterior  tibial  nerve,  which 
supplies  the  skin  of  the  sole  of  the  foot  and  the  heel ;  the  re- 
mainder of  the  sole  is  supplied  by  small  branches  of  the  plantar 
nerves  which  come  through  the  fascia,  as  in  the  palm  of  the 
hand. 

Plantar  Fascia. —  This  is  a  remarkably  dense  white  and 
glistening  fascia.     It  extends  from  the  under  and  back  part  of 
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the  OS  calcis  to  the  distal  extremities  of  the  metatarsal  bones.  It 
is  divided  into  a  strong  central  and  two  lateral  less  dense  por- 
tions, from  which  prolongations  pass  deeply  inwards,  separating 
the  lateral  from  the  central  muscles.  The  middle  portion, 
covering  the  flexor  brevis  digitorum,  is  narrow  behind,  and, 
as  it  passes  forwards  towards  the  toes,  is  spread  out,  and 
strengthened  by  transverse  fibrous  bands.  The  inner  portion 
is  comparatively  thin,  and  surrounds  the  abductor  hallucis, 
becoming  continuous  posteriorly  with  the  internal  annular 
ligament.  The  outer  portion  is  thicker  than  the  inner,  es- 
pecially as  it  passes  forwards  to  be  attached  to  the  proximal  end 
of  the  fifth  metatarsal  bone.  It  covers  the  abductor  minimi 
digiti.  Both  the  inner  and  the  outer  portions  are  continuous 
with  the  fascia  of  the  dorsum  of  the  foot  round  the  inner  and 
outer  borders  of  the  foot,  and  with  the  central  portion  of  the 
plantar  fascia  towards  the  centre  of  the  sole. 

Near  the  distal  ends  of  the  metatarsal  bones,  the  central 
part  divides  into  five  portions:  each  of  these  subdivides  into 
two  slips,  which  embrace  the  corresponding  flexor  tendons, 
and  are  attached  to  the  metatarsal  bones  and  their  connecting 
ligaments.  Between  the  primary  divisions  of  the  fascia  —  that 
is,  in  a  line  between  the  toes  —  are  seen  the  digital  vessels  and 
nerves.  This  arrangement  is  in  all  respects  like  that  in  the 
palm. 

In  the  interdigital  folds  of  the  skin  there  are  also  liga- 
mentous fibres,  which  run  from  one  side  of  the  foot  to  the 
other,  and  answer  the  same  purpose  as  those  in  the  hand 
(P-  3  57). 

The  plantar  fascia  must  be  partially  removed  to  examine  the 
muscles.  Towards  the  os  calcis  its  removal  is  not  accomplished 
without  some  difficulty,  since  the  muscles  arise  from  it. 

Superficial  Muscles.  —  After  the  removal  of  the  fascia  three 
muscles  are  exposed.  All  arise  from  the  os  calcis  and  the 
fascia,  and  proceed  forwards  to  the  toes.*  The  central  one  is 
the  flexor  brevis  digitorum,  the  one  on  the  inner  side  is  the 
abductor  hallucis,  and  the  outer  one  is  the  abductor  minimi 
digiti. 

Abductor  Hallucis. — This  muscle  arises  (Fig.  255)  from 
the  internal  tubercle  of  the  os  calcis,  from  the  plantar  fascia, 


•They  are  se])arate(l  from  each  other  by  strong  partitions  —  intermuscular  septa 
—  which  pa.ss  in  from  the  plantar  fascia. 
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from  the  internal  annular  ligament,  and  from  the  intermuscular 
septum  between  it  and  the  flexor  brevis  digitorum.  Its  origin 
arches  over  the  plantar  vessels  and  nerves  in  their  passage  to 
the  sole.  The  fibres  run  along  the  inner  side  of  the  sole,  and 
terminate  on  a  tendon,  which  is  mserted  with  the  inner  tendon 
of  the  flexor  brevis  hallucis  into  the  inner  side  of  the  base  of 
the  flrst  phalanx  of  the  great  toe, 
through  the  medium  of  the  internal 
sesamoid  bone.  Its  nerve  comes  from 
the  internal  plantar. 

Abductor  Minimi  Digiti.  —  This 
muscle  lies  on  the  outer  border  of  the 
foot,  and  has  a  very  strong  origin  from 
the  under  surface  of  the  os  calcis,  from 
its  external  tubercle,  from  the  plantar 
fascia,  and  from  the  external  inter- 
muscular septum  between  it  and  the 
flexor  brevis  digitorum.  Some  of  its 
fibres  terminate  on  a  tendon  which  is 
inserted  into  the  proximal  end  of  the 
metatarsal  bone  of  the  little  toe ;  but 
the  greater  part  run  on  to  a  tendon 
which  is  inserted,  with  the  flexor  brevis 
minimi  digiti,  into  the  outer  side  of  the 
first  phalanx  of  the  little  toe.  It  is 
siLpplied  by  the  external  plantar  nerve. 

Flexor  Brevis  Digitorum. — This 
muscle  arises  from  the  under  surface  of 
the  OS  calcis,  between  the  two  preced- 
ing, from  the  deep  surface  of  the  plantar 
fascia  and  the  intermuscular  septa.  It 
passes  forwards  and  divides  into  four 
tendons,  which  run  superficial  to  those 
of  the  long  flexor.  Cut  open  the  sheath 
follow  them  on  to  the  toes,  to  see  that 
each  bifurcates  over  the  first  phalanx,  to  allow  the  long  tendon 
to  pass  through  ;  then  the  two  slips,  reuniting,  are  inserted  into 
the  sides  of  the  second  phalanx.  The  same  arrangement  pre- 
vails in  the  fingers.  It  is  supplied  by  the  internal  plantar 
nerve. 

The  three   superficial   muscles   should   now  be  reflected  by 
sawing  off  about  half  an  inch  (/J  mm)  of  the  os  calcis,  and  then 


Fig.  255.  —  Superficial  Mus- 
cles OF  THE  Sole  of  the 
Foot. 

I.  Calcaneum.  2.  Divided  plan- 
tar fascia.  3.  Abductor  hal- 
lucis. 4.  Abductor  mimimi 
digiti.  5.  Flexor  brevis  digito- 
rum. 6.  Tendon  of  the  flexor 
longus  hallucis.  7,  7.  Ten- 
dons of  the  lumbricales.  On 
the  second  and  third  toes,  the 
tendons  of  the  flexor  longus 
digitorum  are  seen  passing 
through  the  bifurcation  of  the 
tendons  of  the  flexor  brevis 
digitorum. 

which  contains  them  ; 
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turning  it  downwards  with  the  muscles  attached  to  it.  This 
done,  we  bring  into  view  the  plantar  vessels  and  nerves,  and  the 
second  layer  of  muscles,  i.e.,  the  long  flexor  tendon  of  the  great 
toe,  that  of  the  other  toes,  and  the  flexor  accessorius. 

Tendon  of  the  Flexor  Longus  Digitorum.  —  Musculus 
Accessorius.  — Tracing  this  tendon  into  the  sole,  you  find  that 
an  accessory  muscle  is  attached  to  it.  The  flexor  accessorius 
arises  by  muscular  fibres 
from  the  inner  concave 
side  of  the  os  calcis  and 
the  calcaneo-scaphoid  liga- 
ment, and  by  tendinous 
fibres  from  the  outer  side 
in  front  of  the  external 
tubercle,  and  from  the  long 
plantar  ligament.  Its  fibres 
run  straight  forwards,  and 
are  inso'ted  into  the  fibular 
side  of  the  upper  surface 
of  the  tendon,  so  that  their 
action  is  not  only  to  assist 
in  bending  the  toes,  but  to 
make  the  common  tendon 
pull  in  a  straight  line  to- 
wards the  heel,  which, 
from  its  oblique  direction, 
it  could  not  do  without  the 
accessory  muscle.  The 
common  tendon  then  di- 
vides into  four,  one  for 
each  of  the  four  outer  toes. 
These    run    in    the    same 

sheath  with  the  short  tendons,  and,  after  passing  through  their 
divisions,  are  inserted  into  the  bases  of  the  ungual  phalanges. 
Respecting  the  manner  in  which  the  tendons  are  confined  by 
fibrous  sheaths,  and  lubricated  by  a  synovial  lining,  what  was 
said  of  the  fingers  (p.  364)  applies  equally  to  the  toes.  The 
flexor  accessorius  is  supplied  by  the  external  plantar  nerve. 

Lumbricales. — These  four  little  muscles  are  placed  between 
the  long  flexor  tendons.  Each,  excepting  the  most  internal, 
which  is  attached  only  to  the  inner  side  of  the  tendon  going  to 
the  second  toe,  arises  from  the  adjacent  sides  of  two  tendons, 


Fig.  256.  — Muscles,  VBssEts,  and  Nerves  op  the 
Sole  of  the  Right  Foot,  After  Reflection  of 
THE  Flexor  Brevis  Digitorum. 

I.  Abductor  minimi  digiti.  2.  Flexor  Accessorius.  3. 
Abductor  hallucis.  4.  External  plantar  artery  and 
nerve.  5.  Tendon  of  flexor  longus  hallucis.  6,7. 
Internal  plantar  artery  and  nerve.  8.  Flexor  brevis 
minimi  digiti.  9.  Lumbricales.  10.  Internal  plantar 
nerve.  11.  Tendons  of  the  flexor  brevis  digitorum 
bifurcating  for  the  passage  of  the  tendons  of  the 
flexor  longus  digitorum. 
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proceeds  forwards,  and  then,  sinking  between  the  toes,  termi- 
nates in  an  aponeurosis  which  passes  round  the  inner  side  of  the 
four  outer  toes,  zxi^joms  the  extensor  tendon  on  the  dorsum  of 
the  first  phalanges  of  the  toes.  Concerning  their  use,  refer  to 
p.  365.  The  two  outer  lumbricales  are  supphed  by  the  exter- 
nal, the  two  inner  by  the  internal  plantar  nerve. 

Now  trace  the  long  fluxor  tendon  of  the  great  toe.  From  the 
groove  in  the  astragalus  it  runs  along  the  groove  in  the  lesser 
tuberosity  of  the  os  calcis,  above,  that  is 
nearer  to  the  bones  than  the  tendon  of  the 
flexor  longus  digitorum,  between  the  two 
heads  of  the  flexor  brevis  hallucis,  and  then 
straight  to  the  base  of  the  last  phalanx. 
It  crosses  the  long  flexor  tendon  of  the 
toes,  and  the  two  tendons  are  connected 
by  an  oblique  slip,  so  that  we  cannot  bend 
the  other  toes  without  the  great  toe. 

Plantar  Arteries.  — The  posterior  tibia 
artery,  having  entered  the  sole  between 
the  origins  of  the  abductor  hallucis,  divides 
into  the  external  and  internal  plantar  ar- 
teries (Fig.  256). 

The  internal  plantar  artery  is  smaller 
than  the  external  plantar  artery  ;  it  passes 
forwards  between  the  abductor  hallucis  and 
the  flexor  brevis  digitorum  to  the  base  of 
the  great  toe,  and  then  is  continued  along 
the  inner  side  of  that  toft,  where  it  termi- 
nates in  small  inosculations  with  the  digital 
arteries.  Its  chief  use  is  to  supply  the 
muscles  between  which  it  runs. 
The  external  plantar  is  the  principal  artery  of  the  sole,  and 
alone  forms  the  plantar  arch  (Figs.  256  and  257).  It  runs 
obliquely  outwards  across  the  sole  towards  the  base  of  the  fifth 
metatarsal  bone,  then,  sinking  deeply,  it  bends  inwards  across 
the  bases  of  the  metatarsal  bones,  and  inosculates  with  the 
communicating  branch  of  the  dorsalis  pedis  in  the  first  inter- 
osseous space.  At  first  it  lies  between  the  os  calcis  and  the 
abductor  hallucis  ;  it  then  passes  between  the  flexor  brevis  digi- 
torum and  the  flexor  accessorius  ;  still  continuing  its  course  for- 
wards, it  is  placed  between  the  flexor  brevis  digitorum  and  the 
flexor  brevis  minimi  digiti,  covered  only  with  skin,  fat,  and  plan- 


FiG.  257. 

1.  Internal  plantar  artery. 

2.  External  plantar  artery. 
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tar  fascia,  and,  lastly,  it  lies  deep  beneath  the  flexor  tendons, 
the  lumbricales,  the  adductor  hallucis,  upon  the  interossei  mus- 
cles. Deeply  seated  as  it  appears  to  be,  that  part  of  its  curve 
near  the  fifth  metatarsal  bone  lies  immediately  beneath  the 
fascia. 

The  external  plantar  sends  two  or  three  internal  cahanean  branches  to  the  skin 
of  the  heel  —  one  round  the  outer  edge  of  the  foot,  which  anastomoses  with  the 
tarsal  and  metatarsal  branches  of  the  anterior  dorsalis  pedis,  and  also  some  cutane- 
ous branches  which  emerge  between  the  adjacent  borders  of  the  flexor  brevis 
minimi  digiti  and  the  flexor  brevis  digitorum.     It  also   gives  off :  — 

The  dii^ital  arteries,  four  in  number,  which  arise  from  the  deepest  part  of  the 
arch.  They  supply  both  sides  of  the  fifth,  fourth,  third,  and  the  outer  side  of 
the  second  toes,  and,  running  forwards  along  the  interossei,  divide  at  the  clefts 
of  the  toes  into  two  branches,  which  supply  the  contiguous  side  of  the  adjacent 
toes.  At  the  point  of  division  the  digital  arteries  send  upwards  through  the  front 
part  of  the  three  outer  interosseous  spaces,  small  branches,  anterior  per/orating, 
which  anastomose  on  the  dorsum  of  the  foot  with  the  interosseous  arteries. 

The  posterior  perforating  are  three  branches  which  perforate  the  back  part  of 
the  three  outer  interosseous  spaces,  and  inosculate  with  the  dorsal  interosseous 
arteries  at  each  end  of  the  spaces. 

The  digital  artery,  supplying  the  inner  side  of  the  great  toe  and  the  adjacent 
sides  of  the  great  and  second  toes,  comes  from  the  communicating  branch  of  the 
dorsal  artery  of  the  foot  which  pierces  the  back  of  the  first  interosseous  space  to 
get  to  the  sole  of  the  foot.  It  is  joined  here  by  a  branch  from  the  external  plantar 
artery. 

Plantar  Nerves. — The  posterior  tibial  nerve  divides,  like 

the  artery,  into  an  external  and  internal  plantar  (Fig.  256). 

The  intcr7ial plantar  nerve  is  the  larger,  and  runs  with  its  cor- 
responding artery  along  the  inner  side  of  the  foot  between  the 
abductor  hallucis  and  the  flexor  brevis  digitorum  ;  in  this  part 
of  its  course  it  distributes  cutaneous  brandies  to  supply  the  skin 
of  the  sole,  innsciilar  branches  to  the  two  above-named  muscles, 
and  articular  branches  to  the  joints  of  the  tarsus  and  meta- 
tarsus. 

It  then  gives  off  four  digital  brandies  which  stipply  the  three  inner  toes  and  a 
half,  like  the  median  in  the  palm  ;  xhefrst  digital  branch  runs  along  the  inner  side 
of  the  great  toe  to  its  tip,  and  in  its  passage  gives  off  a  branch  to  the  flexor  brevis 
hallucis;  the  second  divides  into  two  branches,  one  of  which  supplies  the  inner  lum- 
bricalis,  and  the  other  the  contiguous  borders  of  the  great  and  second  toes  ;  the 
////W  sends  a  filament  to  the  second  lumbrical,  and  then  bifurcates  for  the  supply 
of  the  adjacent  sides  of  the  second  and  third  toes  ;  ihe  fourth,  after  receiving  a 
communicating  filament  from  the  external  plantar  nerve,  is  distributed  to  the  con- 
tiguous sides  of  the  third  and  fourth  toes.  These  digital  nerves  send  off  small 
branches  to  supply  the  dorsum  of  the  toes  at  the  last  phalanges. 

The  external  plantar  netve  passes  obliquely  forwards  and  out- 
wards with  the  artery  of  the  same  name,  passing  between  the 
flexor  accessorius  and  the  flexor  brevis  digitorum,  to  the  former 
of  which  it  sends  a  muscular  branch  ;  it  then  runs  along  the 
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inner  border  of  the  abductor  mmimi  digiti,  supplies  it,  and  then 
divides  into  two  branches,  a  superficial  and  a  deep. 

The  supe7-ficial  brattch  sends  one  digital  branch  which  supplies  the  flexor  brevis 
minimi  digiti,  the  plantar  and  dorsal  interossei  of  the  fourth  space,  and  the  outer 
side  of  the  little  toe ;  and  another  and  lai-ger  digital  branch  which  supplies  the 
contiguous  sides  of  the  fourth  and  fifth  nerves,  and  sends  a  communicating  fila- 
ment to  the  outer  digital  branch  of  the  internal  plantar  nerve. 


Fig.  258. — View  of  the  Third  Layer  of  Muscles  of  the  Foot. 
a.  Abductor  hallucis.     b.  Flexor  brevis  digitorum.       c.  Abductor  minimi  digiti.     d.    Tendon  of 
peroneus  longus.     e,  n.  Flexor  longus  hallucis.     /.  Tendon  of   flexor  longus  digitorum.    g. 
Flexus  accessorius.     k.  Flexor  brevis  minimi  digiti.     i.  Adductor  hallucis.     k.  Flexor  brevis 
hallucis.    /.  Interossei.     tn.  Transversalis  pedis,     o.  Tibialis  posticus. 

The  deep  branch  accompanies  the  plantar  arch  deep  into  the  sole  of  the  foot, 
beneath  the  adductor  hallucis,  and  furnishes  branches  to  the  plantar  and  dorsal 
interossei  of  all  the  interosseous  spaces  except  the  fourth,  the  adductor  hallucis, 
the  transversalis  pedis,  and  the  two  outer  lumbricales. 

Third  Layer  of  Muscles.  —  Having  traced  the  principal 
vessels  and  nerves,  divide  them  with  the  flexor  tendons  near 
the  OS  calcis,  and  turn  them  down  towards  the  toes,  to  expose 
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the  deep  muscles  in  the  sole.  These  are,  the  flexor  brevis  and 
adductor  hallucis,  the  flexor  brevis  minimi  digiti,  and  the  trans- 
versalis   pedis. 

Flexor  Brevis  Hallucis.  — This  muscle  arises  by  a  pointed 
tendon  from  the  cuboid  bone,  and  from  the  fibrous  prolongation 
of  the  tibialis  posticus  into  the  external  cuneiform.  It  proceeds 
along  the  metatarsal  bone  of  the  great  toe,  and  divides  into  two 
portions,  which  run  one  on  each  side  of  the  long  flexor  tendon, 
and  are  inserted  by  tendons  into  the  sides  of  the  first  phalanx 
of  the  great  toe.  The  inner  tendon  is  inseparably  connected 
with  the  abductor  hallucis,  the  outer  with  the  adductor  hallucis. 
In  each  tendon  there  is  a  sesamoid  bone.  These  bones  not  only 
increase  the  strength  of  the  muscle,  but,  both  together,  form 
a  pulley  for  the  free  play  of  the  long  flexor  tendon,  so  that  in 
walking  the  tendon  is  not  pressed  upon.  Its  jicrve  comes  from 
the  internal  plantar  (Fig.  258,  k). 

Adductor  Hallucis.  — •  This  very  powerful  muscle  arises 
from  the  bases  of  the  second,  third,  and  fourth  metatarsal 
bones,  and  from  the  sheath  of  the  peroneus  longus.  Passing 
obliquely  forwards  and  inwards  across  the  foot,  it  is  inserted 
through  the  external  sesamoid  bone  into  the  outer  side  of  the 
base  of  the  first  phalanx  of  the  great  toe  together  with  the  inner 
head  of  the  flexor  brevis.  This  muscle  greatly  contributes  to 
support  the  arch  of  the  foot.  Like  the  adductor  of  the  thumb, 
it  should  be  considered  as  an  interosseous  mus'cle.  Its  nerve 
is  derived  from  the  external  plantar  (Fig.  258,  i). 

Flexor  Brevis  Minimi  Digiti.  — This  little  muscle  rests  on 
the  fifth  metatarsal  bone,  and  arises  from  the  base  of  the  fifth 
metatarsal  bone  and  the  sheath  of  the  peroneus  longus  ;  it  pro- 
ceeds forwards  along  the  bone,  and  is  inserted  into  the  outer 
side  of  the  base  of  the  first  phalanx  of  the  little  toe.  It  is  snp- 
plied  hy  the  external  plantar  nerve  (Fig.  258,  h). 

Transversalis  Pedis.  —  This  slender  muscle  runs  trans- 
versely across  the  distal  ends  of  the  metatarsal  bones.  It 
aiises  by  little  fleshy  slips  from  the  inferior  metatarso-pha- 
langeal  ligaments  of  the  three  outer  toes  and  the  transverse 
ligament  of  the  metatarsus,  and  is  inserted  into  the  outer  side 
of  the  first  phalanx  of  the  great  toe  with  the  adductor  hallucis, 
of  which  it  ought  to  be  considered  a  part.  Its  nerve  comes 
from  the  external  plantar  (Fig.   258  m). 

The  fourth  layer  of  muscles  consists  of  the  interossei. 

Interossei.  —  These  muscles  are  arranged  nearly  like  those 


680  INTEROSSEI    PEDIS. 

in  the  hand.  They  occupy  the  intervals  between  the  metatarsal 
bones,  and  are  seven  in  number,  four  being  on  the  dorsal  aspect 
of  the  foot,  three  on  the  plantar.  The  four  dorsal  interossei 
arise  each  by  two  heads  from  the  contiguous  sides  of  the  meta- 
tarsal bones,  and  are  mserted  into  the  bases  of  the  first  phal- 
anges, and  into  the  aponeurosis  of  the  extensor  communis 
digitorum  on  the  dorsum  of  the  toes.  The  first  is  inserted  into 
the  inner  side  of  the  second  toe ;  the  remaining  three  into  the 
outer  side  of  the  second,  third,  and  fourth.  The  plantar  inter- 
ossei, three  in  number,  arise  from  the  inner  sides  and  under 
surfaces  of  the  third,  fourth,  and  fifth  metatarsal  bones,  and  are 
inserted  respectively  into  the  inner  sides  of  the  bases  of  the 
first  phalanges  of  the  third,  fourth,  and  fifth  toes,  and  into  the 
aponeurosis  of  the  common  extensor  tendon. 

The  use  of  the  interosseous  muscles  is  to  draw  the  toes  to  or 
from  each  other,  and  they  do  the  one  or  the  other  according  to 
the,  side  of  the  phalanx  on  which  they  act.  Now,  if  we  draw 
a  longitudinal  line  through  the  second  toe,  we  find  that  all  the 
dorsal  muscles  dr^iW  fivm  that  line,  and  the  plantar  towards  it. 
This  is  the  key  to  the  action  of  them  all.  A  more  detailed 
account  of  these  muscles  is  given  in  the  dissection  of  the  hand 
(p.  398).  Between  the  tendons  of  the  interossei  —  that  is,  be- 
tween the  distal  ends  of  the  metatarsal  bones,  there  are  bursse 
which  facilitate  movement.  They  sometimes  becomes  enlarged 
and  occasion  painful  swellings  between  the  roots  of  the  toes. 
The  flexor  brevis  minimi  digiti,  the  transversalis  pedis,  and  all 
the  interossei,  are  supplied  by  the  external  plantar  nerve. 

Now  trace  the  tendons  of  the  peroneus  longus  and  tibialis 
posticus.  The  tejidon  of  X^o.  peroneus  longus  is  the  deepest  in 
the  sole.  It  runs  through  a  groove  in  the  cuboid  bone  obliquely 
across  the  sole  towards  its  insertion  into  the  outer  side  of  the 
base  of  the  metatarsal  bone  of  the  great  toe  and  into  the  in- 
ternal cuneiform  bone ;  not  infrequently  it  has  a  fasciculus  of 
attachment  into  the  second  metatarsal  bone.  It  is  confined  in 
a  strong  fibrous  sheath,  lined  throughout  by  synovial  membrane. 
The  tendon  of  the  tibialis  posticus  may  be  traced  over  the 
internal  lateral  ligament  of  the  ankle,  and  thence  under  the 
head  of  the  astragalus  to  the  tuberosity  of  the  scaphoid,  and 
the  internal  cuneiform  bones.  Prolongations  are  sent  off  to 
the  cuneiform  bones,  to  the  cuboid,  to  the  sustentaculum  tali, 
and  to  the  bases  of  the  second,  third,  and  fourth  metatarsal 
bones.     Observe  that  the  tendon  contributes   to  support    the 
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head  of  the  astragalus,  and  that  for  this  purpose  it  often  con- 
tains a  sesamoid  bone.  This  is  one  of  the  many  provisions  for 
the  maintenance  of  the  arch  of  the  foot. 

DISSECTION    OF   THE    LIGAMENTS. 

Ligaments  of  the  Pelvis  with  the  Fifth  Lumbar  Verte- 
bra. —  The  sacrum  is  united  to  the  last  lumbar  vertebra  in  the 
same  manner  as  one  vertebra  is  to  another,  viz.,  by  the  pro- 
longation of  the  anterior  and  posterior  common  ligaments,  the 
intervertebral  fibro-cartilage,  the  ligamenta  subflava,  supra-  and 
interspinous  ligaments,  and  the  capsular  ligaments.  The  stu- 
dent should,  therefore,  refer  to  the  description  of  the  ligaments 
of  the  spine  (p.  296). 

The  ilio-lumbar  ligament  is  very  strong,  and  extends  directly 
outwards  from  the  tip  of  the  transverse  process  of  the  last 
lumbar  vertebra  to  the  crest  of  the  ilium  (Fig.  259). 

Ligaments  of  the  Sacrum  and  Coccyx. — The  lumbo- 
sacral ligament  varies  much  in  its  extent  and  attachment,  and 
passes  from  the  anterior  and  lower  border  of  the  transverse 
process  of  the  fifth  lumbar  vertebra  to  the  lateral  part  of  the 
base  of  the  sacrum  ;  the  fibres  as  they  descend  obliquely  out- 
wards become  frayed  out,  joining  in  part  the  anterior  sacro- 
iliac ligament.  The  sacrum  is  connected  with  the  coccyx  by 
means  of  an  anterior  and  a  posterior  sacro-coccygeal  ligament 
and  by  an  intervertebral  fibro-cartilage. 

T\iQ.  posterior  sacro-coccygeal  ligament  is  a  flattened  fasciculus 
of  fibres  extending  from  the  lower  margin  of  the  sacral  canal 
to  the  posterior  surface  of  the  coccyx  ;  this  ligament  closes  in 
the  inferior  termination  of  the  sacral  canal. 

The  anterior  sacro-coccygeal  ligament  is  a  thin  band  of  fibres 
passing  along  the  front  of  the  sacrum  to  the  coccyx. 

The  intervertebral  disk  is  a  thin  layer  of  fibro-cartilage,  firm 
in  the  centre,  thinner  laterally  and  in  front  and  behind,  with 
occasionally  a  synovial  membrane.  Laterally,  there  are  some 
irregular  strands  of  fibres,  the  lateral  ligaments,  which  extend 
from  the  lower  lateral  part  of  the  sacrum  to  the  transverse 
process  of  the  coccyx. 

The  segments  of  the  coccyx  are  in  early  life  separated  by 
interposed  fibro-cartilages,  which  subsequently  ossify  ;  they 
have  in  front  and  behind  a  continuation  of  the  anterior  and 
posterior  common  ligaments. 
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The  innominate  bones  are  connected  to  each  other  in  front, 
constituting  the  symphysis  pubis ;  posteriorly,  to  the  sacrum, 
forming  the  sacro-iliac  symphysis. 

Sacro-iliac  Articulation.  —  This  articulation  is  an  example 
of  that  form  of  amphiarthrodial  joints  where  the  surfaces  are 
covered  with  fibro-cartilage,  with  an  incomplete  synovial  mem- 
brane. The  articulation  is  formed  between  the  auricular  sur- 
faces of  the  lateral  portions  of  the  sacrum  and  ilium.  The 
anterior  part  of  the  bones  forming  this  articulation  is  incrusted 
with  articular  cartilage,  of  which  the  shape  is  like  that  of  the 
ear.  Later  in  life  these  two  surfaces  are  more  or  less  connected 
by  thin  interarticular  transverse  fibres,  so  that  the  interval  be- 
tween them  is  very  irregular,  and  frequently  contains  yellow, 
viscid  material.  In  front  of  the  articulation  there  is  the  an- 
terior sacro-iliac  ligament,  and  behind,  the  posterior  sacro-iliac 
ligament. 

The  anterior  sacro-iliac  ligament  consists  of  thin  ligamentous 
fibres  passing  in  front  of  the  sacrum  and  ilium  (Fig.  259). 

The  posterior  sacro-iliac  ligament  (Fig.  260)  is  composed  of 
fibres  much  stronger  and  more  marked,  which  pass  behind  the 
articulation.  It  consists  of  two  portions  :  the  upper,  or  hori- 
zontal, extends  from  the  upper  two  transverse  tubercles  of  the 
sacrum,  and  is  attached  to  the  rough  surface  of  the  ilium  above 
the  auricular  surface ;  the  lower,  or  oblique,  is  a  well-marked 
fasciculus  of  fibres,  the  oblique  sacro-iliac  ligament,  passing  from 
the  posterior  superior  spine  to  the  third  segment  of  the  sacrum. 

Sacro-sciatic  Ligaments.  — These  are  two  strong  ligaments 
passing  from  the  sacrum  to  the  ischium. 

The  great  sacro-sciatic  ligament  (Fig.  260,  2)  is  triangular 
and  thick,  but  narrower  in  the  middle  than  at  either  extremity. 
Its  base  is  broad,  and  is  attached  to  the  posterior  inferior  iliac 
spine,  and  to  the  sides  of  the  sacrum  and  coccyx  ;  rapidly  nar- 
rowing, it  descends  obliquely  outwards  towards  the  tuberosity 
of  the  ischium,  where  it  again  expands  to  be  attached  to  the 
inner  margin  of  this  bone.  This  attached  portion  is  continued 
upwards  for  some  distance  as  a  prolongation,  the  falciform 
process,  into  the  inner  margin  of  the  ramus  of  the  ischium, 
where  it  becomes  continuous  with  the  obturator  fascia,  forming 
a  protection  for  the  pudic  vessels  and  nerve  {Alcock's  Canal). 

The  lesser  sacro-sciatic  ligament  (Fig.  260,  3)  lies  in  front  of 
the  preceding  ligament,  and,  like  it,  is  triangular,  though  smaller 
and    shorter.     It  passes   from    the    sides    of    the    sacrum  and 
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coccyx  to  the  spine  of  the  ischium,  where  it  narrows  con- 
siderably. The  attachments  of  the  sacro-sciatic  ligaments  to 
the  sacrum  and  coccyx  are  more  or  less  blended,  and  they  not 
only  serve  to  connect  the  bones,  but  also,  from  their  great 
breadth,  contribute  to  diminish  the  lower  aperture  of  the 
pelvis. 

Pubic   Symphysis.  —  This  is   formed   by  the  union  of  the 
pubic  bones,  in  front,  by  means  of  an  interposed  piece  of  fibro- 


FiG.  259.  — Ligaments  op   the    Pelvis 

AND  HlF-JoiNT. 

I.  Lower  part  of  the  anterior  common  liga- 
ment of  the  verlebrx,  extending  down- 
wards over  the  front  of  the  sacrum.  2. 
Lumbo-sacral  ligament.  3.  Lumbo-iliac 
ligament.  4.  Anterior  sacro-iliac  liga- 
ment. 5.  Obturator  membrane.  6.  Pou- 
part's  ligament.  7.  Gimbernat's  ligament. 
8.  Capsular  ligament  of  the  hip-joint.  9. 
Ilio-femoral  or  accessory  ligament. 


Fig.  260.  —  Ligaments  of  the  Hip- Joint. 
(Lateral  view.) 
.  Oblique  sacro-iliac.  The  other  portions  of  this 
ligament  are  not  seen  in  this  view.  2.  Posterior 
sacro-sciatic  (greater).  3.  Anterior  sacro-sciatic 
(lesser).  4.  Great  sacro-sciatic  foramen.  5.  Lesser 
sacro-sciatic  foramen.  6.  Cotyloid  ligament.  7. 
Ligamentum  teres.  8.  Divided  capsular  ligament. 
9.  Obturator  membrane  only  partly  seen. 


cartilage.  It  is  an  amphiarthrodial  articulation,  and  is  secured 
by  the  following  ligaments  :  — 

The  anterior  pubic  ligament  consists  of  several  layers  of 
irregular  superficial  fibres  which  run  obliquely  and  decussate 
with  each  other,  and  of  deeper  fibres  which  pass  transversely 
across  from  one  bone  to  the  other,  and  are  connected  with  the 
fibro-cartilage. 

T\\&  posterior pnbic  ligament  consists  of  fibres,  less  distinct 
than  the  anterior,  which  connect  the  two  pubic  bones  pos- 
teriorly. 
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The  superior  pubic  ligament  passes  across  the  upper  surface 
of  the  pubic  bones. 

The  subpubic  ligament  is  very  strong,  and  extends  between 
the  rami  of  the  pubic  bones,  beneath  the  fibro-cartilage  with 
which  it  is  blended ;  it  rounds  off  the  pubic  arch,  and  is  situated 
between  the  two  layers  of  the  triangular  ligament. 

The  intermediate  fibro-cartilage  is  composed  of  two  layers 
of  cartilage,  each  attached  to  the  inner  border  of  the  body  of 
the  OS  pubis  by  a  number  of  nipple-like  processes  fitting  into 
corresponding  depressions  on  the  bony  surface.  Between 
these  cartilaginous  plates  there  is  a  thick  stratum  of  fibrous 
and  fibro-elastic  tissue.  In  the  middle  line  at  the  upper  and 
back  part  is  usually  a  smooth  cavity  lined  with  epithelium. 
The  cartilage  acts  as  a  buffer,  and  breaks  the  force  of  shocks 
passing  through  the  pelvic  arch.* 

Ligaments  of  the  Hip-joint.  —  This  joint  is  secured  by 
the  form  of  the  bones,  and  by  the  strength  of  the  powerful 
muscles  which  surround  it.  Although  an  enarthrodial  or  ball- 
and-socket  joint,  its  range  of  motion  is  somewhat  limited ;  the 
disposition  of  its  ligaments  restricts  ^its  range  of  motion  to 
those  directions  only  which  are  most  consistent  with  the  main- 
tenance of  the  erect  attitude  and  the  requirements  of  this  part 
of  the  skeleton. 

The  ligaments  of  the  hip-joint  are  — the  capsular,  the  ilio- 
femoral,! the  ligamentum  teres,  the  cotyloid,  and  the  transverse. 

Capsula  Ligament.  —  The  capsular  ligament  (Fig.  259,  8) 
is  attached  above  to  the  circumference  of  the  acetabulum,  a 
little  external  to  the  margin,  also  to  the  transverse  ligament, 
and  by  a  few  fibres  to  the  outer  margin  of  the  obturator  fora- 
men ;  below,  to  the  anterior  intertrochanteric  ridge  in  front ; 
above,  to  the  root  of  the  great  trochanter,  and  to  the  middle  of 
the  neck  behind,  about  half  an  inch  {/J  mm.)  above  the  posterior 
intertrochanteric  ridge.  The  anterior  and  upper  part  of  the 
capsular  ligament  is  very  thick  and  strong,  composed  chiefly  of 
longitudinal  fibres  with  a  few  deeply  seated  circular  fibres, 
which  are  concealed  by  the  superficial  longitudinal  bands.     The 

*  It  must  be  remembered  that  ordinarily  there  is  no  motion  in  this  joint,  but 
that  pregnancy  occasionally  causes  a  laxity  in  this  joint  which  when  marked 
causes  great  pain  while  walking.  As  this  joint  is  now  subjected  to  section  in  mal- 
formed pelvis  or  abnormality  in  the  child,  advantage  may  be  taken  of  this  relaxed 
condition  in  the  operation.     (A.  H.) 

t  The  pecteno-femoral  and  ischio-femoral  are  thickened  portions  of  the  capsule 
attached  to  the  parts  indicated  by  their  names. 
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posterior  aspect  of  the  capsular  ligament  is  represented  by  a 
few  sparsely  scattered  fibres.  The  front  part  of  the  ligament 
is  rendered  exceeding  strong  by  several  accessory  ligaments, 
one  of  which,  called  the  ilio-fenioral  ligamcfit,  extends  from  the 
anterior  inferior  iliac  spine,  and  from  a  depression  above  the 
acetabulum,  and  then  divides  like  the  two  arms  of  the  inverted 
letter  ]^  ;  one,  the  inner  and  vertical,  passes  to  the  base  of  the 
lesser  trochanteric ;  the  outer,  to  the  upper  part  of  the  anterior 
intertrochanteric  line.  In  addition,  there  is  at  the  lower  and 
back  part  a  broad  ligament,  the  ischio-capstilar  ligament,  whose 
fibres  extend  from  the  ischium  to  the  inner  part  of  the  joint, 
close  to  the  lesser  trochanter ;  and  a  third  accessory  ligament, 
the  pubo-femjral,  consists  of  the  thin  fibres  converging  from 
the  ilio-pectineal  eminence,  and  the  margin  of  the  obturator 
foramen  to  the  front  and  inner  part  of  the  capsular  ligament. 

The  ilio-femoral  ligament  is  very  strong,  and  serves  as  a  strap 
to  prevent  the  femur  being  extended  beyond  a  certain  point, 
and  limits  rotation  inwards  and  outwards.  (This  ligament  is 
sometimes  called  the  Y-shaped  ligament  of  Bigelow.) 

The  capsule  is  in  relation,  in  front,  with  the  iliacus  and  psoas 
muscles,  from  which  it  is  separated  by  a  synovial  bursa.  This 
bursa  occasionally  communicates  by  a  rounded  aperture  with 
the  synovial  capacity  of  the  hip-joint. 

Open  the  capsule  to  ascertain  its  great  thickness  in  front  and 
its  strong  attachment  to  the  bones.  This  exposes  the  cotyloid 
ligament  and  the  ligamentum  teres. 

Ligamentum  Teres.  —  The  ligamentiim  teres  is  exposed  by 
drawing  the  head  of  the  femur  out  of  the  socket.  This  liga- 
ment is  somewhat  flat  and  triangular.  Its  base,  which  is  bifid, 
is  attached  below  to  the  borders  of  the  notch  in  the  acetabulum, 
where  it  becomes  continuous  with  the  transverse  ligament ;  its 
apex,  to  the  fossa  in  the  head  of  the  femur.  To  prevent  pres- 
sure on  it,  and  to  allow  free  room  for  its  play,  there  is  a  gap  at 
the  bottom  of  the  acetabulum.  This  gap  is  not  crusted  with 
cartilage  like  the  rest  of  the  socket,  but  is  occupied  by  soft 
fat.  The  ligamentum  teres  is  surrounded  by  the  synovial  mem- 
brane. An  artery  runs  up  with  it  to  the  head  of  the  femur. 
It  is  a  branch  of  the  obturator,  and  enters  the  acetabulum 
through  the  notch  at  the  lower  part. 

The  chief  use  of  the  ligamentum  teres  is  to  assist  in  steadying 
the  pelvis  on  the  thigh  in  the  erect  position.  In  this  position 
the  ligament  is  vertical  and  quite  tight  (Fig.  26  i )  ;  it  therefore 
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prevents  the  pelvis  from  rolling  towards  the  opposite  side,  or 
the  thigh  from  being  adducted  beyond  a  certain  point. 

Cotyloid  Ligament.  —  The  cotyloid  ligament  is  an  annular 
piece  of  fibro-cartilage  which  is  attached  all  round  the  margin 
of  the  acetabulum.  Its  circumference  is  thicker  than  its  free 
margin,  which  is  very  thin,  so  that  on  a  transverse  section  the 
cartilage  is  triangular.  Both  its  surfaces  are  covered  with 
synovial  membrane,  and  its  attachment  to  the  margin  of  the 


Ilio-lumbar  ligament. 

Posterior     sacro-iliac 
ligament. 


Cotyloid 
ligament 


Fig.  261.— Verticle  Section  Through  the  Hip. 


acetabulum  is  effected  by  oblique  fibres  passing  from  without 
inwards,  and  interlacing  in  all  directions  at  an  acute  angle. 
The  ligament  is  thicker  above  and  behind  than  elsewhere ;  it 
thus  deepens  the  socket,  and  embraces  the  head  of  the  femur 
like  a  sucker.  It  extends  over  the  notch  at  the  lower  part  of 
the  acetabulum,  being  attached  to  a  ligament,  the  transverse, 
which  passes  across  the  notch,  and  thus  converts  it  into  a  fora- 
men. 

Transverse  Ligament.  —  Beneath  the  transverse  ligament 
some  of  the  vessels  and  nerves  pass  into  the  joint  to  supply  it. 

Synovial  Membrane. — The  synovial  membrane  extends 
from  the  cartilaginous  border  of  the  head,  round  the  neck  as 


MOVEMENTS    AT    THE    HIP-JOINT.  68/ 

far  as  the  attachment  of  the  capsular  ligament,  on  the  inner 
surface  of  which  it  is  reflected  as  far  as  the  margin  of  the  ace- 
tabulum. Thence  it  passes  over  the  superficial  surface  of  the 
cotyloid  ligament,  curves  round  its  inner  sharp  border  so  as  to 
line  its  deeper  surface  ;  it  then  covers  the  osseous  surface  of 
the  acetabulum,  and  is  finally  continued  as  a  tubular  sheath 
over  the  ligamentum  teres  to  the  head  of  the  femur.  The 
synovial  membrane,  it  will  be  seen,  extends  down  to  the  base 
of  the  neck  of  the  femur  in  front,  but  only  two-thirds  bcJiind. 
Between  the  bottom  of  the  acetabulum,  as  far  as  the  cotyloid 
notch  and  the  synovial  membrane,  is  a  collection  of  fat  and  con- 
nective tissue  called  tho.  gland  of  Havei's. 

The  ligaments  of  the  hip-joint  are  so  arranged  that  when  we 
stand  "  at  ease "  the  pelvis  is  spontaneously  thrown  into  a 
position  in  which  its  range  of  motion  is  the  most  restricted  ;  for 
the  accessory  ligaments  of  the  capsule  prevent  it  from  being 
extended  beyond  a  straight  line,  and  the  ligamentum  teres  pre- 
vents its  rolling  towards  the  opposite  side.  This  arrangement 
economizes  muscular  force  in  balancing  the  trunk. 

The  atmospheric  pressure  is,  of  itself,  sufficient  to  keep  the 
limb  suspended  from  the  pelvis,  supposing  all  muscles  and  liga- 
ments to  be  divided.  When  fluid  is  effused  into  the  hip-joint 
the  bones  are  no  longer  maintained  in  accurate  contact ;  and  it 
sometimes  happens  that  the  head  of  the  femur  escapes  from  its 
cavity,  giving  rise  to  a  spontaneous  dislocation. 

The  movements  at  the  Jiipfoint  are  those  of  flexion,  extension, 
abduction,  adduction,  rotation,  and  circumduction. 

The  flexors  are,  the  ilio-psoas,  the  sartorius,  the  pectineus, 
the  adductor  longus  and  brevis,  the  gluteus  medius,  and 
minimus. 

The  extensors  are,  the  gluteus  maximus,  the  biceps,  semiten- 
dinous?, and  the  semimembranosus. 

The  abductors  are,  the  upper  fibres  of  the  gluteus  maxi- 
mus, the  gluteus  medius  and  minimus,  the  pyriformis,  and 
when  the  joint  is  flexed,  the  obturator  internus  and  the  two 
gemelli. 

The  adductors  are,  the  three  adductors,  the  pectineus,  the 
gracilis,  and  the  sartorius. 

The  external  rotators  are,  the  three  adductors,  the  pectineus, 
the  gluteus  maximus,  the  posterior  fibres  of  the  gluteus  medius, 
the  obturator  extcrnus  and  internus,  the  gemelli,  the  quadratus 
femoris,  the  pyriformis,  and  the  sartorius. 
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The  ijiternal  rotators  are,  the  ilio-psoas  occasionly,*  the  ten- 
sor fasciae  femoris,  the  anterior  fibres  of  the  gluteus  medius,  and 
the  gluteus  minimus. 

Circumduction  is  effected  by  the  successive  action  of  the  dif- 
ferent muscles  in  the  order  of  their  attachment  into  the  femur. 

The  muscles  in  immediate  relation  with  the  hip-joint  are,  in 
front,  the  iliacus  and  psoas  ;  on  the  outer  side,  the  reflected 
tendon  of  the  rectus,  the  gluteus  minimus ;  behind,  the  pyrifor- 
mis,  gemellus  superior,  obturator  internus,  gemellus  inferior, 
obturator  externus,  and  quadratus  femorus ;  on  the  inner  side, 
the  pectineus  and  obturator  externus. 

Ligaments  of  the  Knee-joint.  —  The  knee-joint  is  a  gingiy- 
mus  or  a  hinge-joint,  and  the  bones  entering  into  its  formation 
are,  above,  the  condyles  of  the  femur,  below,  the  head  of  the 
tibia,  and  in  front,  the  patella.  Looking  at  the  skeleton,  one 
would  suppose  that  it  was  very  insecure ;  but  this  insecurity  is 
only  apparent,  the  joint  being  surrounded  by  powerful  liga- 
ments, and  a  thick  capsule  formed  by  the  tendons  of  the  muscles 
which  act  upon  it. 

First  examine  the  tendons  concerned  in  the  protection  of  the 
knee-joint.  In  front  is  the  ligamentum  patellae;  on  each  side 
are  the  tendons  of  the  vasti ;  on  the  other  side,  in  addition,  it 
is  strengthened  by  the  strong  ilio-tibial  band ;  on  the  inner  side 
there  are  also  the  tendons  of  the  sartorius  and  gracilis  ;  at  the 
back  of  the  joint  are  the  tendons  of  the  gastronemius  and 
plantaris,  with  the  semimembranosus  and  semitendinosus,  in 
addition,  on  its  inner  part,  and  the  tendons  of  the  popliteus  and 
biceps  on  its  outer  part.  It  deserves  to  be  mentioned  that  the 
weakest  part  of  the  articulation  is  near  the  tendon  of  the  popli- 
teus, which  arises  zvithin  the  joint  ;  here,  therefore,  pus  or 
fluid  formed  in  the  popliteal  space  may  make  its  way  into  the 
joint,  or  vice  versa. 

The  ligaments  of  the  joint  may  be  divided  into  those  outside 
the  joint  and  those  within  it. 

Those  outside  the  joint  are,  the  ligamentum  patellae,  the  in- 
ternal lateral,  the  two  external  lateral,  the  posterior  ligament, 
and  the  capsular  ligament. 

Those  within  the  joint  are,  the  two  crucial,  the  two  semi- 

*  Although  the  ilio-psoas  has  been  formerly  classified  as  an  external  rotator,  it 
can  be  readily  demonstrated  to  be  just  the  reverse.  Attention  has  been  called  to 
this  point  in  Morris'  Anatomy,  Amer.  Ed.,  p.  366.  See  action  of  individual 
muscles,  present  work.     (A.  H.) 
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lunar  fibro-cartilages,  the  transverse,  the  coronary,  the  ligamenta 
alaria,  and  the  hgamentum  mucosum. 

Ligamentum  Patellae. — The  ligamentuvi  patellcB  is  a 
strong,  thick,  Hgamentous  band,  about  three  inches  (^.5  cvi.) 
long,  extending  from  the  lower  border  of  the  patella  to  the 
tubercle  of  the  tibia.  Beneath  is  found  a  considerable  amount 
of  fat,  which  separates  the  ligament  from  the  joint,  and  in  fat 
people  forms  a  prominent  elastic  mass  on  each  side  of  the  liga- 
ment. There  is  a  synovial  bursa  be- 
tween the  ligamentum  patellae  and 
the  tuberosity  of  the  tibia.* 

Internal  Lateral  Ligament.  — 
This  is  a  broad,  flat  band,  which  ex- 
tends from  the  inner  condyle  of  the 
femur  to  the  inner  tuberosity  and  the 
inner  aspect  of  the  shaft  of  the  tiba 
(Fig.  262).  A  few  of  the  fibres  are 
attached  to  the  inner  semilunar  car- 
tilage, and  serve  to  keep  it  in  place. 
The  inferior  internal  articular  artery, 
and  part  of  the  tendon  of  the  semi- 
membranosus, pass  underneath  this 
ligament.  In  the  several  motions  of 
the  joint  there  is  a  certain  amount 
of  friction  between  the  ligament  and 
the  head  of  the  tibia,  and  conse- 
quently a  small  bursa  is  interposed. 

External  Lateral  Ligaments.  — 
The  long  external  lateral  ligament  is 

a  strong  round  band  which  extends  from  the  outer  condyle  of 
the  femur  to  the  outer  part  of  the  head  of  the  fibula.  This 
ligament  separates  the  two  divisions  of  the  tendinous  insertion 
of  the  biceps.  Beneath  it  pass  the  tendon  of  the  popliteus  and 
the  inferior  external  articular  artery. 

The  short  external  lateral  ligament  is  situated  posterior  to, 
and  runs  parallel  with  the  preceding  ligament  ;  it  passes  from 
the  posterior  and  outer  part  of  the  condyle  of  the  femur  to  the 
tip  of  the  styloid  process  of  the  fibula  ;  the  tendon  of  the  popli- 
teus also  lies  beneath  it. 

*  There  are  two  oblique  projections  of  ligamentous  tissue  from  the  sides 
of  the  patella  extending  to  the  head  of  the  tibia.  These  are  parts  of  the  extensor 
tendon  and  act  as  accessories  to  the  patellar  ligament  (Morris's  Anal.,  Amer.  Ed., 
p.  27').      (A.  H.) 


Fig.  262.  —  Diagram  of  the  Semi- 
lunar Cartilages  and  Lateral 
Ligaments  of  the  Knee. 

I.  Internal  lateral  ligament.  2.  Ex- 
ternal lateral  ligament. 
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Posterior  Ligament.  —  This,  which  is  generally  called  the 
ligameiituin  posticiim  Winslowii  (Fig.  263),  covers  the  whole  of 
the  posterior  surface  of  the  knee-joint,  and  consists  of  two  por- 
tions —  one  formed  by  a  broad  fiat  band  of  vertical  fibres  pass- 
ing from  the  posterior  surface  of  the  femur  between  and  above 
the  condyles,  to  the  posterior  part  of  the  tuberosity  of  the 
tibia  ;  the  other  consists  of  an  oblique  tendinous  expansion  from 
the  semimembranosus  (p.  659),  which  passes  upwards  and  out- 
wards from  the  internal  tuberosity  of  the  tibia  to  the  back  of 
the  outer  condyle  of  the  femur.  It  is  pierced  by  numerous 
blood-vessels    to   supply  the  knee-joint,  chiefly  by  the  azygos 


Fig.  263 .  —  Posterior  View  of  the 
Ligaments  of  the  Knee-Joint. 

I.  Oblique  portion  of  the  posterior 
ligament  (Winslow's).  2.  Tendon 
of    the   semimembranosus    m.  cut. 

3.  Process  of  this  tendon  which 
expands  into  fascia  irom  which  gives 
attachment  to  the  popliteus  muscle. 

4.  Process  which  passes  under  the 
internal  lateral  ligament.  5.  Inter- 
nal lateral  ligament.  6.  Long  ex- 
ternal lateral  ligamant.  7.  Short 
external  lateral  ligament.  8.  Ten- 
don ;  the  popliteus  cut  through. 
9.    Posterior  tibio-fibular  ligament. 


Fig.  264. —  Internal  Ligaments  ob 
the  Knee-Joint  (R.). 

I.  Condyles  of  the  femur;  five  rest 
on  the  external,  three  rest  on  the 
internal  condyle.  2.  Anterior  or  ex- 
ternal crucial  ligament.  3.  Pos- 
terior or  internal  crucial  ligament. 
4.  Transverse  ligament.  5.  Attach- 
ment of  the  ligamentum  mucosum  , 
the  remainder  being  removed.  6. 
Internal  semilunar  fibro-cartilage. 
7.  External  semilunar  fibro-carti- 
lage. 8.  Reflected  ligamentum  pa- 
tellae, g.  Sub-patellae  bursa  opened. 
10.  Anterior  superior  tibio-fibular 
ligament.  11.  Interosseous  mem- 
brane. 


artery  and  a  branch  from  the  obturator  nerve  (p.  627).  This 
ligament  not  only  closes  and  protects  the  joint  behind,  but 
prevents  its  extension  beyond  the  perpendicular. 

Capsular  Ligament. — The  capisular  ligament  occupies  the 
intervals  between  the  other  ligaments,  and  so  completes  the 
fibrous  investment  of  the  joint.  It  is  materially  strengthened 
by  fibrous  expansions  from  many  of  the  tendons  in  connection 
with  the  articulation. 
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The  joint  should  be  opened  above  the  patella.  Observe  the 
great  extent  of  the  fold  which  the  synovial  membrane  forms 
above  this  bone.*  It  allows  the  free  play  of  the  bone  over  the 
lower  part  of  the  femur.  The  fold  extends  higher  above  the 
inner  than  the  outer  condyle,  which  accounts  for  the  form  of 
swelling  produced  by  effusion  into  the  joint. 

Crucial  Ligaments.  —  The  crucial  ligaments,  so  named  be- 
cause they  cross  like  the  letter  X,  extend  from  the  mesial  side 
of  each  condyle  to  the  head  of  the  tibia. 

The  anterior  or  external  ligament  (Fig.  264,  2),  the  smaller, 
ascends  from  the  inner  part  of  the  fossa  in  front  of  the  spine  of 
the  tibia,  backwards  and  outwards  to  the  inner  and  back  part 
of  the  external  condyle.  It  is  attached  to  the  tibia  close  to  the 
anterior  termination  of  the  external  semilunar  cartilage. 

T\\Q  posterior  ox  internal  ligament  (3),  best  seen  from  behind, 
extends  from  the  back  of  the  fossa  behind  the  spine  of  the  tibia, 
and  from  the  posterior  termination  of  the  external  semilunar 
cartilage,  upwards,  forwards,  and  inwards  to  the  front  of  the 
inner  condyle.  The  direction  of  this  ligament  is  more  vertical, 
but  is  stronger  and  shorter  than  the  former. 

Interarticular  or  Semilunar  Fibro-cartilages. — Between 
the  condyles  and  the  articular  surfaces  of  the  tibia  are  two  in- 
complete rings  of  fibro-cartilage  (Fig.  264,  6,  7),  shaped  like 
the  letter  C.  They  serve  to  deepen  the  articular  surfaces  of  the 
tibia ;  their  mobility  and  flexibility  enable  them  to  adapt  them- 
selves to  the  condyles  in  the  several  movements  of  the  joint ; 
they  distribute  pressure  over  a  greater  surface  and  break  shocks. 
They  are  thickest  at  the  circumference,  and  gradually  shelve  off 
to  a  thin  margin  ;  thus  they  fit  in  between  the  bones,  and  adapt 
a  convex  surface  to  a  flat  one,  as  shown  in  Fig.  262.  Their 
form  is  suited  to  the  condyles,  the  inner  being  oval,  the  outer 
circular,  and  the  synovial  membrane  covers  both  surfaces  of  the 
cartilages. 

The  external  semilunar  Jibro-cartilage  is  nearly  a  circular  ring 
of  fibro-cartilage,  its  two  extremities  being  firmly  attached  to 
the  fossae,  one  in  front  of  and  the  other  behind  the  spine  of  the 
tibia ;  they  are  enclosed  by  the  two  extremities  of  the  internal 
cartilage. 

On  its  outer  border  it  presents  a  groove  for  the  tendon  of 
the  popliteus  ;  its  anterior  border  gives  off  a  transverse  fibrous 

•  In  performing  operations  near  the  knee,  the  joint  should  always  be  bent,  in 
order  to  draw  the  synovial  fold  as  much  as  possible  out  of  the  way. 
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fasciculus,  the  transverse  ligament  (Fig.  264,  4),  which  passes 
across  to  be  connected  with  the  anterior  border  of  the  internal 
cartilage.  The  anterior  extremity  of  the  fibro-cartilage  is  con- 
nected with  the  anterior  crucial  ligament ;  the  posterior  is 
attached  partly  into  the  outer  side  of  the  inner  tuberosity  in 
front  and  behind  the  posterior  crucial  ligament,  and  partly  into 
the  anterior  crucial  ligament.* 

The  mtenial  semihinar  fibro-cartilage  (6)  forms  about  two- 
thirds  of  an  oval  ring,  and  is  narrower  in  front  than  behind. 
Its  anterior  extremity  is  pointed,  and  is  attached  to  the  tibia 
internal  to  the  anterior  crucial  ligament ;  its  posterior  extremity 
to  the  pit  behind  the  spine  immediately  in  front  of  the  posterior 
crucial  ligament. 

The  transverse  ligament  (4),  already  alluded  to,  is  a  thin 
fibrous  fosciculus  in  front  of  the  anterior  crucial  ligament,  and 
connects  the  anterior  borders  of  the  semilunar  iibro-cartilages. 

The  coro7iary  ligaments  are  two  ligaments  which  connect  the 
circumference  of  the  two  semiluner  cartilages  to  the  borders  of 
the  tibial  tuberosities.  The  external  ligament  is  the  weaker  of 
the  two,  so  that  the  external  cartilage  is  the  more  movable. 

Synovial  Membrane.  —  The  synovial  membrane  is  very 
extensive,  the  most  extensive  in  the  body.  It  lines  the  pos- 
terior surface  of  the  quadriceps  tendon,  and  the  aponeuroses  of 
the  vasti,  and  is  reflected  on  to  the  femur  a  variable  distance 
above  the  in  crusting  cartilage  ;  traced  from  the  femur,  we  find 
that  it  lines  the  inner  surface  of  the  capsular  ligament  as  far  as 
the  circumference  of  the  tibia ;  thence  it  is  reflected  over  the 
upper  surfaces  of  the  semilunar  cartilages,  round  their  inner 
concave  margins  to  get  to  their  under  surfaces,  from  which  the 
membrane  passes  to  cover  the  articular  surface  of  the  head  of 
the  tibia.  It  forms  tubular  prolongations  round  the  crucial 
ligaments,  and  below  the  patella  a  slender  band  of  the  synovial 
membrane  proceeds  backwards  to  the  space  between  the  con- 
dyles, and  is  called  the  ligamentum  tnucostim.  Two  lateral 
folds,  extending  from  the  sides  of  the  mucous  ligament,  pass 
upwards  and  outwards  to  the  sides  of  the  patella ;  these  are 


*  Of  the  two  cartilages  the  external  has  the  greater  freedom  of  motion,  because 
in  rotation  of  the  knee  the  outer  side  of  the  tibia  moves  more  than  the  inner. 
Consequently,  it  is  not  in  any  way  connected  to  the  external  lateral  ligament ;  so 
far  from  this,  it  is  separated  from  it  by  the  tendon  of  the  popliteus,  of  which  the 
play  is  facilitated  by  a  bursa  communicating  freely  with  the  joint.  For  this  reason 
the  external  cartilage  is  more  liable  to  dislocation  than  the  internal. 
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termed  the  ligavicnta  alaria.  These  are  not  true  ligaments, 
but  merely  remnants  of  the  partition  which,  in  the  early  stage 
of  the  joint's  growth,  divided  it  into  two  equal  portions. 

Outside  the  synovial  membrane  there  is  always  fat,  espe- 
cially under  the  ligamentum  patellae.  Its  use  is  to  fill  up 
vacuities,  and  to  mould  itself  to  the  several  movements  of  the 
joint. 

The  movements  which  the  knee-joint  permits  are  those  of 
flexion  and  extension,  together  with  rotation  outwards  and 
inwards.  In  order  completely  to  master  its  various  move- 
ments, the  student  should  examine  the  movements  first  as 
between  the  femur  and  the  patella,  and  then  as  between  the 
condyles  of  the  femur  and  the  articular  surface  of  the  tibia 
crowned  by  its  two  semilunar  cartilages. 

The  articular  surface  of  the  patella  glides  upon  the  femoral 
condyles  in  extension  and  in  flexion.  If  this  surface  of  the 
patella  be  examined,  it  will  be  seen  that  each  lateral  facet  is 
subdivided  by  two  indistinct  transverse  ridges  into  three  very 
shallow  transverse  zones ;  each  of  these  zones  rests  upon  a 
definite  part  of  the  trochlear  surface  of  the  femur  in  the  differ- 
ent stages  of  extension  or  flexion  ;  thus,  in  extreme  extension, 
the  lower  zones  of  the  patella  rest  upon  the  upper  border  of  the 
trochlear  surface  ;  in  mid-flexion,  the  middle  zones  alone  rest  on 
the  femur ;  and  in  nearly  extreme  flexion,  the  upper  zones  lie 
on  the  lower  part  of  the  femoral  condyles.  In  addition  to  the 
six  shallow  facets  just  described,  there  is  a  seventh,  which  is 
seen  on  the  inner  margin. 

The  respective  points  of  the  attachment  of  the  ligaments  are 
such  that,  when  the  joint  is  extended,  all  the  ligaments  are 
tight,  to  prevent  extension  beyond  the  perpendicular ;  thus 
muscular  force  is  economized.  But  when  the  joint  is  bent  the 
ligaments  are  relaxed  enough  to  admit  a  slight  rotatory  move- 
ment of  the  tibia. 

This  movement  is  more  free  outwards  than  inwards,  and  is 
effected,  not  by  rotation  of  the  tibia  on  its  own  axis,  but  by 
rotation  of  the  outer  head  round  the  inner.  Rotation  outwards 
is  produced  by  the  biceps  ;  rotation  inwards  by  the  popliteus 
and  semimembranosus. 

The  crucial  ligaments,  though  placed  inside  the  joint,  answer 
the  .same  purposes  as  the  coronoid  process  and  the  olecranon  of 
the  elbow.  They  make  the  tibia  slide  properly  forwards  and 
backwards.      In  extension,  the  anterior  crucial  ligament  is  tight, 
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as  are  also  the  lateral  ligaments  ;  in  flexion,  the  posterior  liga- 
ment becomes  tight,  and  consequently  limits  flexion.  They 
also  conjointly  limit  excessive  rotation.  They  not  only  prevent 
dislocation  in  front  or  behind,  but  they  prevent  lateral  displace- 
ment, since  they  cross  each  other  like  braces,  as 
shown  in  Fig.  265. 

Superior  Tibio-fibular  Articulation. —  This  is 
an  arthrodial  or  gliding  joint,  and  is  formed  by  the 
flat  oval  surfaces  of  the  upper  part  of  the  tibia  and 
fibula.  It  is  secured  by  an  anterior  and  a  posterior 
tibio-fibular  ligament. 

The  anterior  superior  tibio-fibular  ligament  is  a 
strong  flat  ligament  whose  fibres  pass  obliquely 
cial'  liga-  downwards  and  outwards  from  the  external  tuber- 
kneI!  °^  ™^     osity  of  the  tibia  to  the  head  of  the  fibula. 

The  posterior  superior  ligament  passes  in  the 
same  direction  as  the  anterior,  only  being  placed  behind  the 
joint.* 

The  synovial  meinbra^te  occasionally  communicates  with  that 
of  the  knee-joint. 

Interosseous  Membrane.  —  The  contiguous  borders  of  the 
tibia  and  fibula  are  connected  by  the  interosseus  membrane. 
The  purpose  of  it  is  to  afford  additional  surface  for  the  attach- 
ment of  muscles.  Its  fibres  pass  chiefly  downwards  and  out- 
wards from  the  tibia  to  the  fibula,  but  a  few  fibres  cross  like  the 
letter  X.  The  anterior  tibial  artery  comes  forwards  above  the 
interosseous  membrane  through  an  oval  space  about  an  inch 
(2.^  cm.)  below  the  head  of  the  fibula.  Lower  down  there  is 
an  aperture  for  the  anterior  peroneal  artery.  It  is,  moreover, 
pierced  here  and  there  by  small  blood-vessels. 

Inferior  Tibio-fibular  Articulation.  —  The  lower  extrem- 
ities of  the  tibia  and  fibula  are  firmly  connected,  for  it  is  essen- 
tial to  the  security  of  the  ankle-joint  that  there  should  be  little 
or  no  movement  between  the  two  bones. 

The  anterior  inferior  ligament  passes  between  the  adjacent 
borders  of  the  two  bones ;  it  is  narrow  above  but  broader 
below,  and  consists  of  oblique  fibres  which  pass  downwards 
and  outwards. 

The  posterior  inferior  ligament  is  stronger  and  narrower  than 

*  A  capsular  ligament  is  described  by  many  authors  attached  close  to  the 
articular  margins  of  the  tibia  and  fibula,  extending  a  little  benind  and  below  the 
margin  of  the  latter.     (A.  H.) 
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the  anterior,  and  its   fibres  pass  horizontally  from    the  outer 
malleokis  to  the  posterior  border  of  the  tibia,  above  the  articular 

The  tranversc  ligament  is  the  lower  part  of  the  preceding, 
and  may  be  usually  recognized  as  a  distinct  narrow  fasciculus. 

The  inferior  interosseous  ligament  consists  of  strong  short 
fibres  connecting  the  contiguous  surfaces  of  the  two  bones,  and 
continuous  above  with  the  interosseous  membrane. 

The  synovial  membrane  of  this  joint  is  an  extension  upwards 
of  that  of  the  ankle-joint.*  ,     . 

Ankle-joint.  — From  the  form  of  the  bones,  it  is  obvious 
that  the  angle  is  a  ginglymus  or  hinge-joint  ;  consequently,  its 
security  depends  upon  the  great  strength  of  its  lateral  ligaments. 
The  hinge,  however,  is  not  so  perfect  but  that  it  admits  of  a 
slight  rotatory  motion,  of  which  the  centre  is  on  the  fibular  side, 
and  therefore  the  reverse  of  that  in  the  case  of  the  knee. 

The  ligaments  of  the  ankle-joint  comprise  the  anterior,  the 
posterior,  the  internal,  and  the  external  lateral  ligaments. 

The  anterior  ligament  is  a  thin  loose  membranous  ligament, 
attached  above  to  the  articular  portion  of  the  tibia,  and  below 
to  the  astragalus  in  front  of  its  articular  surface,  and  is  sutti- 
ciently  loose  to  permit  the  necessary  range  of  motion. 

The  posterior  ligament  is  a  thin  disconnected  membranous 
licrament,  attached  above  to  the  posterior  inferior  tibio-fibular 
li-ament,  to  the  external  malleolus  internal  to  the  peroneal 
g?oove ;  and  below  to  the  posterior  surface  of  the  astragalus 
from  the  internal  to  the  external  ligaments  of  the  ankle-jomt._ 

The  internal  lateral  ligament,  sometimes  called,  from  its 
shape,  deltoicU  is  exceedingly  thick  and  strong,  and  compensates 
for  the  comparative  shortness  of  the  internal  malleolus  (tig. 
266)  The  great  strength  of  it  is  proved  by  the  fact  that,  m 
dislocation  of  the  ankle  inwards,  the  summit  of  the  malleolus 
is  more  often  broken  off  than  the  ligament  is  torn.  The  super- 
ficial portion  of  this  ligament  is  attached  above  to  the  margin 
of  the  internal  malleolus,  and  passing  downwards  radiates  to  be 
inserted  into  the  scaphoid,  the  inner  side  of  the  astragalus,  the 
sustentaculum  tali,  and  the  inferior  calcaneo-scaphoid  hgament ; 
the  deeper  portion,  thick  and  strong,  passes  from  the  tip  ot  the 
malleolus  to  the  astragalus,  close  to  its  articular  border. 

The  external  lateral  ligament  consists  of  three  distinct  tas- 

•  The  movement  is  one  of  gliding  very  limited  upwards  and  downwards.    (A.  H.) 
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ciculi  —  an  anterior,  a  posterior,  and  a  middle  (Fig.  267).     The 
anterior  fasciculus  passes  from  the  front  of  the  tip  of  the  exter- 


FlG.  266. 
I.  Plantar  fascia.      2.  Calcaneo-scaphoid   ligament   whicVi   supports   the  head   of   the   astragalus. 
3.  Internal  lateral  ligament,  called  from  its  shape  deltoid. 

nal  malleolus,  nearly  horizontally  forwards  and  inwards  to  the 
astragalus  in  front  of  its  malleolar  articular  surface.  The  mid- 
dle fasciculus,  round  and  long,  passes 
obliquely  downwards  and  backwards 
to  the  outer  surface  of  the  os  calcis. 
The  posterior  fasciculus  passes  from 
the  posterior  part  of  the  external  mal- 
leolus, nearly  horizontally  outwards,  to 
the  back  of  the  astragalus  below  its 
upper  articular  surface. 

Besides  flexion  and  extension,  the 
ankle-joint  admits  of  a  slight  lateral 
movement,  only  permitted  in  the  ex- 
tended state,  for  the  better  direction 
of  our  steps.  In  adaptation  to  this 
movement  the  internal  malleolus  is 
shorter  than  the  outer  ;  it  is  not  so 
tightly  confined  by  its  ligaments,  and 
its  articular  surface  is  part  of  a 
cylinder. 

Open  the  joint  to  see  that  the 
breadth  of  the  articular  surfaces  of  the  bones  is  greater  in 
front  than  behind.     The  object  of  this  is  to  render  the  astra- 


FiG.  267. — Diagram  of  the  Ex- 
ternal Lateral  Ligament. 

I.  Anterior  part.  2.  Posterior  part. 
3.  Middle  part.  4.  Interosseous 
ligament  between  the  astragalus 
and  OS  calcis. 
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galus  less  liable  to  be  dislocated  backwards.  Whenever  this 
happens,  the  astragalus  must  of  necessity  become  firmly  locked 
between  the  malleoli. 

Ligaments  connecting  the  Bones  of  the  Tarsus.  —  The  as- 
tragalus is  the  keystone  of  the  arch  of  the  foot,  and  supports  the 
whole  weight  of  the  body.  It  articulates  with  the  os  calcis  and 
the  OS  scaphoides  in  such  a  manner  as  to  permit  the  abduction 
and  adduction  of  the  foot,  so  useful  in  the  direction  of  our  steps. 

Astragalo-calcanean  Ligaments. — The  astragalus  articu- 
lates with  the  OS  calcis  by  two  surfaces  separated  by  the  deep 
interosseous  groove,  of  which  the  posterior  is  concave,  and 
the  anterior  convex.  The  articulations  are  strengthened  by 
four  ligaments,  the  external,  the  internal,  and  the  posterior 
astragalo-calcanean,  and  the  interosseous. 

The  external  astragalo-calcanean  ligament  is  a  short,  quadri- 
lateral fasciculus,  passing  from  the  outer  surface  of  the  astraga- 
lus, in  front  of  the  anterior  fasciculus  of  the  external  lateral 
ligament,  almost  directly  downwards  to  the  outer  surface  of  the 
OS  calcis. 

TJie  Internal  Caleaneo-astragaloid  ligament  is  a  band  of 
fibres  passing  between  the  posterior  portion  of  the  astragalus 
and  the  sustentaculum  tali.  Its  fibres  closely  blend  with  the 
fibres  of  the  inferior  calcaneo-scaphoid  ligament. 

T'\\Q.  posterior  astragalo-calcanean  ligament  is  a  short  oblique 
band,  which  passes  from  the  posterior  border  of  the  astragalus 
to  the  upper  border  of  the  os  calcis. 

The  interosseoiis  ligament  is  a  very  thick  strong  band  of  fibres 
which  descends  vertically  into  the  interosseous  canal,  and  is  the 
principal  band  of  union  between  the  two  bones. 

Astragalo-scaphoid  Ligament.— The  anterior  surface  of 
the  astragalus  is  broadly  convex,  fitting  into  the  concave  sur- 
face of  the  scaphoid  bone.  Superiorly  the  dorsal  surfaces  of 
the  two  bones  are  connected  by  a  broad  membranous  ligament, 
astragalo-scaphoid,  which  passes  obliquely  across,  blending 
externally  with  the  external  calcaneo-scaphoid,  and  below  with 
the  inferior  calcaneo-scaphoid  ligament. 

Calcaneo-scaphoid  Ligaments. — In  the  skeleton  the  head 
of  the  astragalus  articulates  in  front  with  the  scaphoid,  but  the 
lower  part  of  it  is  unsupported.  This  interval  is  bridged  over 
by  a  very  strong  and  slightly  clastic  ligament,  which  extends 
from  the  os  calcis  to  the  scaphoid  (Fig.  268)  ;  this  is  the  in- 
ferior calcaneo-scaphoid  ligament. 
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The  inferior  calcmieo-scapJioid  ligament  is  thick  and  strong, 
and  passes  horizontally  forwards  and  inwards  from  the  susten- 
taculum  tali  to  the  plantar  surface  of  the  scaphoid,  where  it  is 
connected  with  the  tendon  of  the  tibialis  posticus,  and,  supe- 
riorly, with  the  astragalo-scaphoid  ligament.  Thus  the  os 
calcis,  scaphoid,  and  this  ligament  form  a  complete  socket  for 


Fig.  268.  Fig.  269.  —  Ligaments  of  the  Sole  of  thb 

I.   Calcaneo-scaphoid   ligament.     2.  Calcaneo-  Foot. 

cuboid  ligament.  i.  Os  calcis.     2.  Astragalus.     3.  Tuberosity  of 

the  scaphoid.  4.  Long  calcaneo-cuboid  lig, 
5.  Part  of  the  short  calcaneo-cuboid  lig.  6. 
Calcaneo-scaphoid  lig.  7.  Plantar  tarsal  liga- 
ment. 8,8.  Tendon  of  the  peroneus  longus 
m.  g,  9.  Plantar  tarso-metatarsal  lig.  10. 
Metatarso-phalangeal  lig.  11,  u,  n.  Lateral 
metatarso-phalangeal.  12.  Transverse.  13. 
Lateral  of  the  phalanges  of  the  great  toe. 

the  head  of  the  astragalus  ;  it  is  this  joint,  chiefly,  which  per- 
mits the  abduction  and  adduction  of  the  foot.  In  chronic 
disease  of  the  ankle-joint,  leading  to  much  impairment  of  move- 
ment at  this  joint,  the  motion  at  the  astragalo-scaphoid  articu- 
lation is  so  great  as  to  take  the  place  of  the  ankle-joint.  This 
ligament  being  slightly  elastic,  allows  the  keystone  of  the  arch 
(the  astragalus)  a  play,  which  is  of  great  service  in  preventing 
concussion  of  the  body.  Whenever  this  ligament  yields,  the 
head  of  the  astragalus  falls,  and  the  individual  becomes  gradu- 
ally flat-footed.  In  this  yielding  of  the  ligament  the  head  of 
the  astragalus  not  only  falls,  but  becomes  also  rotated  inwards. 
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The  superior  calcaneo-scapJioid  ligament  is  short  and  triangu- 
lar, lying  in  the  hollow  between  the  outer  part  of  the  astragalus 
and  the  os  calcis ;  it  passes  forwards  and  upwards  from  the 
ridge  on  the  anterior  and  outer  part  of  the  os  calcis  to  the 
outer  side  of  the  scaphoid. 

Calcaneo-cuboid  Articulation.  —  The  os  calcis  articulates 
with  the  OS  cuboides  nearly  on  a  line  with  the  joint  between  the 
astragalus  and  the  scaphoid.  The  bones  are  connected  together, 
on  the  dorsum,  by  the  superior  and  internal  calcaneo-cuboid 
ligaments,  and  on  the  plantar  aspect  by  the  long  and  short 
calcaneo-cuboid  ligaments. 

The  superior  calcaneo-cuboid  ligament  is  a  short  quadrilateral 
band  of  fibres  passing  from  the  upper  part  of  the  dorsal  aspect 
of  the  OS  calcis  to  the  back  and  upper  part  of  the  os  cuboides. 

The  internal  calcaneo-cuboid  ligament  connects  the  front  part 
of  the  ridge  of  the  os  calcis  to  the  dorsal  and  inner  part  of 
the  cuboid.  It  is  sometimes  called  the  interosseous  ligament, 
and  is  closely  associated  with  the  superior  calcaneo-scaphoid 
ligament. 

The  long  calcaneo-cuboid  ligament  (Fig.  269),  a  broad,  long, 
and  strong  band  of  ligamentous  fibres,  is  the  more  superficial 
of  the  two  inferior  calcaneo-cuboid  ligaments.  It  is  known  as 
the  long  plantar  ligament,  and  is  attached  to  the  under  surface 
of  the  OS  calcis  in  front  of  the  tuberosities,  as  far  as  the  ante- 
rior tubercle ;  it  passes  forward  to  the  plantar  aspect  of  the 
cuboid,  being  attached  to  the  ridge,  while  some  of  its  fibres 
extend  to  the  bases  of  the  second,  third,  and  fourth  metatarsal 
bones,  and  complete  the  canal  for  the  tendon  of  the  peroneus 
longus. 

The  short  calcaneo-cuboid  ligament  (short  plantar)  deeper 
than  che  former,  is  seen  somewhat  on  its  inner  aspect,  and  is 
separated  from  it  by  some  fat  and  connective  tissue.  It  is 
very  broad,  and  passes  from  the  front  of  the  tubercle  of  the 
OS  calcis,  for  about  an  inch  in  breadth,  to  the  inner  and 
posterior  surface  of  the  cuboid,  behind  the  ridge. 

The  articulations  between  the  cuboid  and  the  scaphoid  bones 
behind,  and  the  three  cuneiform  bones  in  front,  are  maintained 
by  dorsal,  plantar,  and  interosseous  ligaments. 

The  dorsal  and  the  plantar  ligaments  consist  of  parallel  fasci- 
culi passing  between  the  contiguous  borders  of  the  respective 
bones  on  their  dorsal  and  plantar  aspects. 

The  intcrosseus  ligaments,  three  in  number,  are  composed  of 


700  SYNOVIAL    MEMBRANES    OF    THE    TARSUS. 

transverse  fibres  (Fig.  270)  connecting  tlie  rough  non-articular 
surfaces  of  the  contiguous  bones  ;  the  first  one  is  between  the 
scaphoid  and  the  cuboid  ;  the  second  connects  the  internal  and 
middle  cuneiform  bones ;  the  third  is  be- 
tween the  middle  and  external  cuneiform 
bones  ;  and  the  fourth  between  the  external 
cuneiform  and  the  cuboid  bones. 
Fig.  270.  —  InterTs-  Though  thcrc  is  very  little  motion  between 
thTwe^'m-bones.  °^  any  two  bones,  the  collective  amount  is  such 
that  the  foot  is  enabled  to  adapt  itself  ac- 
curately to  the  ground  ;  pressure  is  more  equally  distributed, 
and  consequently  there  is  a  firmer  basis  for  the  support  of  the 
body.  Being  composed,  moreover,  of  several  pieces,  each  of 
which  possesses  a  certain  elasticity,  the  foot  gains  a  general 
springiness  and  strength  which  could  not  have  resulted  from  a 
single  bone. 

Tarso-metatarsal  Joints. — The  tarsus  articulates  with  the 
metatarsus  in  an  oblique  line  which  inclines  backwards  on  its 
outward  side.  This  line  is  interrupted  at  the  joint  of  the 
middle  cuneiform  bone  and  the  second  metatarsal  bone.  Here 
there  is  a  deep  recess,  so  that  the  base  of  this  metatarsal  bone 
is  wedged  in  between  the  internal  and  external  cuneiform 
bones. 

These  joints  are  maintained  in  position,  above,  by  the  dorsal 
tarso-metatarsal  ligaments,  and,  below,  by  the  plantar  ligaments. 
Interosseous  ligaments  also  pass  between  the  wedge-bones, 
maintaining  them  in  their  normal  positions. 

Synovial  Membranes  of  the  Tarsus.  —  Exclusive  of  the 
ankle-joint  and  the  phalanges  of  the  toes,  the  bones  of  the  foot 
are  provided  with  six  distinct  synovial  membranes,  namely  — 

1.  Between  the  posterior  articular  surface  of  the  os  calcis 
and  that  of  the  astragalus. 

2.  Between  the  head  of  the  astragalus  and  the  scaphoid, 
and  between  the  anterior  articular  surface  of  the  astragalus  and 
OS  calcis. 

3.  Between  the  os  calcis  and  the  os  cuboides. 

4.  Between  the  inner  cuneiform  bone  and  the  metatarsal 
bone  of  the  great  toe. 

5.  Between  the  scaphoid  and  the  three  cuneiform  bones,  and 
between  these  and  the  adjoining  bones  (the  great  toe  excepted). 

6.  Between  the  os  cuboides  and  the  fourth  and  fifth  meta- 
tarsal bones. 


METATARSO-PHALANGEAL    ARTICULATIONS. 
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The  tarso-metatarsal  articulations  are  arthrodial  joints. 

Inter-metatarsal  Articulation. — The  metatarsal  bones 
are  connected  at  their  proximal  and  distal  ends  by  dorsal  and 
plantar  ligaments ;  those  at  the  proximal  extremities  are  very 
strong,  and  are  supplemented  by  interosseous  ligaments,  as  in 
the  metacarpus  (p.  414).  The  movement  between  the  proximal 
ends  of  the  inter-metarsal  articulations  is  arthroidal  or  gliding. 

The  distal  extremities  of  the  metatarsal  bones  are  united  by 
a  transverse  metatarsal  ligament ;  this  extends  from  the  great 
toe  to  the  little  toe  on  their  plantar  surfaces. 


Fig.  271.  —  Diagram  op  the  Articulations  of  the  Tarsus  and  the  Tarso-metatarsus. 

I.  Posterior  calcaneo-astragaloid  synovial  cavity.  2.  Calcaneo-scaphoid  synovial  cavity.  3.  Cal- 
caneo-cuboid  synovial  cavity.  4.  Synovial  cavity  between  metatarsal  bone  of  great  toe  and 
internal  cuneiform  bone.  5.  Common  scaplio-cuneiform,  intercuneiform,  and  metatarso-cunei- 
form  synovial  cavity.     6.    Cubo-metatarsal  synovial  cavity. 

Metatarso-phalangeal  Articulations.  —  These  are  con- 
nected by  2i  plantar  and  two  lateral  ligaments  ;  the  dorsal  liga- 
ment being  formed  by  the  expansion  of  the  tendon  of  the 
extensor  longus  digitorum.  The  movements  which  take  place 
between  the  articulations  are  those  of  flexion,  extension,  abduc- 
tion, and  adduction. 

Phalangeal  Articulations.  —  These  articulations  have  the 
same  kind  of  ligaments  as  the  preceding,  and  the  movements 
are  also  nearly  identical. 
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DISSECTION  OF   THE   BRAIN. 

Membranes  of  the  Brain.  —  Before  passing  on  to  the 
examination  of  the  brain,  the  student  should  study  the  arrange- 
ment, the  structure,  and  the  uses  of  the  three  membranes  by 
which  the  brain  is  enveloped. 

The  most  external  one,  the  dtira,  has  been  described  (p.  26). 
The  second,  or  intermediate  one,  is  a  serous  membrane,  termed 
the  arachnoid ;  the  third,  the/z«,  is  a  vascular  layer,  and  is  in 
contact  with  the  encephalon. 

Arachnoid  Membrane.  —  The  arachnoid  membrane,  the 
second  investment,  constitutes  the  smooth  polished  membrane 
covering  the  surface  of  the  brain,  and  is  exposed  after  the 
removal  of  the  dura.  This  tunic  vi^as  formerly  considered 
by  anatomists  to  be  an  example  of  an  ordinary  serous  mem- 
brane, and  was  described  as  consisting  of  two  layers  —  an 
external  or  parietal,  which  lined  the  inner  surface  of  the  dura, 
and  an  internal  or  visceral,  which  was  reflected  over  the  brain. 

It  is  n6w  regarded  as  consisting  of  one  layer  only,  viz.,  the 
one  which  envelops  the  brain  ;  the  under  aspect  of  the  dura 
being  covered  only  with  a  layer  of  flattened  epithelium  cells. 
The  cavity  which  was  formerly  described  as  the  cavity  of  the 
arachnoid,  is  now  called  the  subdural  space,  and  contains  a  very 
limited  amount  of  fluid. 

The  arachnoid  membrane  is  a  colorless  and  transparent  layer, 
and  is  spread  uniformly  over  the  surface  of  the  brain,  from 
which  it  is  separated  by  the  pia.  It  does  not,  like  the  pia, 
dip  down  into  the  furrows  between  the  convolutions  of  the 
brain,  and  it  is  more  or  less  connected  with  the  pia  by  delicate 
connective  tissue,  the  snbaracJinoid.  On  account  of  its  extreme 
tenuity,  and  its  close  adhesion  to  the  pia,  the  two  membranes 
cannot  be  readily  separated ;  but  there  are  places,  especially  at 
the  base  of  the  brain,  termed  subarachnoid  spaces,  where  the 
arachnoid  membrane  can  be  seen  distinct  from  the  subjacent 
pia.  The  two  membranes  can  be  artificially  separated  by  blow- 
ing air  beneath  the  arachnoid  with  a  blow-pipe. 

Subarachnoid  Spaces  and  Fluid.  —  Wherever  the  arach- 
noid membrane  is  separated  from  the  pia,  a  serous  fluid  {cerebro- 
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Spinal)  intervenes,  contained  in  the  meshes  of  a  very  delicate 
areolar  tissue.  The  spaces  between  these  membranes  are 
termed  subarachnoid,  and  are  very  manifest  in  some  places. 
For  jnstance,  there  is  one  well-marked  space  in  the  longitudinal 
fissure,  where  the  arachnoid  does  not  descend  to  the  bottom, 
but  passes  across  the  edge  of  the  falx,  a  little  above  the  callo- 
sum.  At  the  base  of  the  brain  there  are  two  of  considerable 
size  :  one,  the  anterior  subarachnoid  space,  or  cystoma,  is  situ- 
ated between  the  anterior  border  of  the  pons,  the  tempero-sphe- 
noidal,  and  the  frontal  cerebral  lobes  ;  the  other,  the  posterior 
subarachnoid  space,  cysterna  pontis,  is  placed  between  the  cere- 
bellar hemispheres  and  the  medulla  oblongata.  The  fiuid  in  the 
subarachnoid  space  communicates  with  the  fluid  of  the  general 
ventricular  cavities  of  the  brain  through  an  aperture  [foramcji  of 
Magcndie)  in  the  fourth  ventricle,  close  to  its  lower  boundary ; 
and  also  through  an  opening,  on  each  side,  behind  the  glosso- 
pharyngeal nerves.  In  the  spinal  cord,  also,  there  is  a  consider- 
able interval  containing  fluid  between  the  arachnoid  and  the  pia. 
The  purpose  of  this  fluid  is,  not  only  to  fill  up  space,  as  fat 
does  in  other  parts,  but  mechanically  to  protect  the  nerve- 
centres  from  the  violent  shocks  and  vibrations  to  which  they 
would  otherwise  be  liable. 

The  brain,  therefore,  may  be  said  to  be  supported  in  a  fluid, 
which  insinuates  itself  into  all  the  inequalities  of  the  surface, 
and  surrounds  in  fluid  sheaths  all  the  nerves  as  far  as  the 
foramina  through  which  they  pass.  This  fluid  sometimes 
escapes  through  the  ear,  in  cases  of  fracture  through  the  base 
of  the  skull  involving  the  meatus  auditorious  internus  and  the 
petrous  portion  of  the  temporal  bone. 

The  arachnoid  is  supplied  with  filaments  from  the  motor  root 
of  the  fifth,  the  facial,  and  the  spinal  accessory  nerves. 

The  cerebj'o-spinal  fluid  ^2i.x\c.^  in  amount  from  two  drachms 
to  two  ounces  (/.J  c.cm.  to  ^g  c.cm.).  It  is  a  clear,  limpid  fluid, 
slightly  alkaline,  containing  98.5  parts  of  water,  and  1.5  parts 
of  solid  matter.  The  cerebro  spinal  fluid  of  the  encephalon  and 
that  of  the  spinal  cord  communicate. 

Pia.  — This,  the  immediate  investing  membrane  of  the  brain, 
is  extremely  vascular,  and  composed  of  a  minute  network  of 
blood-vessels  held  together  by  delicate  connective  tissue.  It 
covers  the  cerebral  surface,  and  dips  into  the  fissures  between 
the  Cf;nvolutions,  forming  a  double  layer.  From  its  internal 
surface  numerous  vessels  pass  off  at  right  angles  into  the  sub- 
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Stance  of  the  brain.*  The  pia  sends  a  prolongation  through 
the  transverse  fissure  into  the  lateral  and  third  ventricles,  form- 
ing the  velum  interpositiun  and  the  cJioroid  plexuses,  and  also 
another  along  the  roof  of  the  fourth  ventricle,  forming  the  tela 
cJioi^oidea  inferior.  Upon  the  surface  of  the  cerebellum  the  pia 
is  thinner,  not  so  vascular,  and  only  sends  prolongations  down 
the  larger  sulci ;  on  the  pons  and  the  medulla  the  membrane  is 
more  fibrous  and  much  less  vascular  than  elsewhere. 

The  pia  is  supplied  with  nerves  by  the  third,  fifth,  sixth, 
facial,  glosso-pharyngeal,  pneumogastric,  spinal-accessory,  and 
sympathetic  nerves,  which  chiefly  accompany  the  blood-vessels 
forming  the  pia  mater. 

Arteries  of  the  Brain.  —  The  brain  is  supplied  with  blood 
by  the  two  internal  carotid  and  the  two  vertebral  arteries. 

Internal  Carotid. — This  artery  enters  the  skull  through 
the  carotid  canal  in  the  temporal  bone,  and  ascends  very  tor- 
tuously, by  the  side  of  the  body  of  the  sphenoid,  along  the 
inner  wall  of  the  cavernous  sinus.  It  appears  on  the  inner  side 
of  the  anterior  clinoid  process,  and  after  giving  off  the  ophthal- 
mic, divides  into  an  anterior  and  middle  cerebral,  posterior  com- 
municating and  anterior  choroid  arteries. 

a.  The  anterior  cerebral  artery  is  given  off  from  the  internal  carotid  at  the 
inner  end  of  the  fissure  of  Sylvius.  It  passes  forwards  and  inwards  to  reach  the 
longitudinal  fissure  between  the  hemispheres,  curves  round  the  front  part  of 
the  callosum,  then  nins  backwards  over  its  upper  surface  (under  the  name  of  the 
artery  of  the  callos2im),  and  tenninates  in  branches  which  anastomose  with  the 
posterior  cerebral  arteries.  The  anterior  cerebral  arteries  of  opposite  sides  run 
side  by  side,  and  supply  the  olfactory  lobes,  the  optic  nerves,  the  frontal  lobes, 
the  anterior  perforated  spaces,  or  precribria,  and  the  callosum.  At  the  base  of 
the  brain,  as  they  enter  the  longitudinal  fissure,  they  are  connected  by  a  short 
transverse  branch,  called  the  a7iterior  commujticating  artery  (Fig.  272). 

b.  The  middle  cerebral  artery,  the  largest  branch  of  the  internal  carotid,  runs 
outwards  deeply  within  the  fissure  of  Sylvius,  and  divides  into  many  branches  dis- 
tributed to  the  frontal  and  tempero-sphenoidal  lobes.  Near  its  origin  it  gives, 
off  a  number  of  small  arteries,  which  pierce  the  locus  perforatus  anticus,  or  pre- 
cribrium,  to  supply  the  striatum. 

c.  The  posterior  commwiicating  a^-tery,  unequal  in  size  usually  on  the  two 
sides,  proceeds  directly  backivards  to  join  the  posterior  cerebral ;  thus  establishing 
at  the  base  of  the  brain  the  free  arterial  inosctdation  called  the  Circle  OF  Willis. 

d.  The  anterior  choroid  artery,  a  small  branch  of  the  internal  carotid,  arises 
external  to  the  posterior  communicating  artery.  It  runs  backwards,  and  enters 
the  fissure  at  the  bottom  of  the  middle  horn  of  the  lateral  ventricle,  to  terminate 
in  the  choroid  plexus  of  that  cavity.  It  supplies,  in  addition,  the  hippocampus 
major  and  the  coi-pus  fimbriatum. 

*  Owing  to  these  vessels,  the  pia,  when  placed  in  water,  presents  a  floc- 
culent,  woolly  appearance,  and  hence  it  is  sometimes  called  tomefittmi  cerebri. 
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Vertebral  Artery.  —  This  artery,  a  branch  of  the  subclavian 
in  the  first  part  of  its  course,  enters  the  foramen  in  the  trans- 
verse process  of  the  sixth  cervical  vertebra,  and  ascends  through 
the  transverse  processes  of  the  cervical  vertebrae.  It  then 
winds  backwards  along  the  arch  of  the  atlas,  and  enters  the 
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skull  through  the  foramen  by  perforating  the  posterior  occipito- 
atlantal  ligament  and  the  dura.  It  then  curves  round  the 
ineduila  between  the  hypoglossal  nerve  and  the  anterior  root 
of  the  first  cervical  nerve.  At  the  lower  border  of  the  pons 
the  two  arteries  unite  to  form  a  single  trunk — the  basilar  — 
which  is  lodged  in  the  groove  on  the  middle  of  the  pons,  and 
bifurcates  at  its  upper  border  into  the  i)Osterior  cerebral  arteries. 
Each  vertebral  artery,  before  joining  its  fellow,  gives  off :  — 
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a.  Lateral  spinal  branches,  which  enter  the  spinal  canal,  to  supply  the  spinal 
its  membranes,  and  the  bodies  of  the  cervical  vertebra. 

b.  Ahcscular  branches  to  the  deep  muscles  of  the  neck,  which  anastomose  with 
the  occipital  and  deep  cervical  arteries. 

c.  A  posterior  meningeal  branch,  distributed  to  the  posterior  fossa  of  the  skull. 

d.  Anterior  spinal  a7-teries,  which  are  given  off  immediately  before  the  vertebral 
arteries  join  to  form  the  basilar,  run  along  the  median  fissures  of  the  ventral 
and  the  dorsal  surfaces  of  the  spinal  cord,  and  anastomose  with  the  spinal 
branches  of  the  ascending  cervical  arteries. 

e.  The  posterior  inferior  cerebellar  artery,  sometimes  a  branch  of  the  basilar, 
but  more  frequently  of  the  vertebral,  passes  backwards  between  the  spinal-acces- 
sory and  the  pneumogastric  nerves,  to  the  under  surface  of  the  cerebellum.  It 
divides  into  two  branches  :  an  outer,  which  ramifies  on  the  lower  surface  of  the 
cerebellum  as  far  as  its  outer  border  ;  and  an  inner,  which  passes  to  the  vallecula 
between  the  two  hemispheres,  and  supplies  branches  to  the  fourth  ventricle. 

The  basilar  aitery,  formed  by  the  junction  of  the  two  ver- 
tebral, in  its  course  along  the  pons,  gives  off  on  each  side  :  — 

a.  Transverse  branches  which  pass  outwards  on  the  pons :  one,  the  ittternal 
auditory,  enters  the  meatus  auditorius  internus  with  the  auditory  nerve,  to  be  dis- 
tributed to  the  internal  ear  on  each  side. 

b.  The  anterior  ififerior  cerebellar,  which  supplies  the  front  part  of  the  lower 
surface  of  the  cerebellum,  and  anastomoses  with  the  other  cerebellar  arteries. 

c.  The  sziperior  cerebellar  arte7-ies,  given  off  near  the  bifurcation  of  the  basilar, 
are  distributed  to  the  upper  surface  of  the  cerebellum,  and  anastomose  with  the 
inferior  cerebellar  ;  branches  are  supplied  to  the  pineal  body,  the  valve  of  Vieus- 
sens,  and  the  velum  interpositum. 

d.  The  posterior  cerebral  arteries  are  the  two  terminal  branches  into  which  the 
basilar  artery  divides.  They  run  outwards  and  backwards,  in  front  of  the  third 
cranial  nerve,  and  wind  round  the  crura  cerebri  to  the  under  surface  of  the  poste- 
rior cerebral  lobes,  where  they  divide  into  numerous  branches  for  the  supply  of 
the  brain,  anastomo.sing  with  the  anterior  and  middle  cerebral  arteries.  Shortly 
after  their  07-igins  they  receive  the  two  poste7'ior  communicating  arteries  from  the 
internal  carotids.  Each  gives  off  small  branches  to  the  posterior  perforated  space 
or  post-cribrium,  and  also  the  smal.  posterior  choroid  artery,  which,  passing  beneath 
the  posterior  border  of  the  callosum  and  fornix,  is  distributed  to  the  velum  inter- 
positum and  choroid  plexus. 

Circle  of  Willis. — This  important  arterial  inosculation 
(Fig.  272)  takes  place  between  the  branches  of  the  two  internal 
carotid  and  the  two  vertebral  arteries.  It  is  formed,  laterally, 
by  the  two  anterior  cerebral,  the  two  internal  carotid,  and  the 
two  posterior  communicating  arteries  ;  in  front,  it  is  completed 
by  the  anterior  communicating  artery  ;  behind,  by  the  two  pos- 
terior cerebral.  The  tortuosity  of  the  large  arteries  before  they 
enter  the  brain  serves  to  mitigate  the  force  of  the  heart's  action  ; 
and  the  circle  of  Willis  provides  a  free  supply  of  blood  from 
other  vessels,  in  case  any  accidental  circumstance  should  stop 
the  flow  of  blood  through  any  of  the  more  direct  channels.* 

*  In  many  of  the  long-necked  herbivorous  quadrupeds  a  provision  has  been 
made  in  the  disposition  of  the  internal  carotid  arteries,  for  the  purpose  of  equaliz- 
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Peculiarities  of  the  Cerebral  Circulation.  —  Besides  the 
circle  of  Willis,  there  are  other  peculiarities  relating  to  the  cir- 
culation of  the  blood  in  the  brain  :  namely,  the  length  and  tor- 
tuosity of  the  four  great  arteries  as  they  enter  the  skull  ;  their 
passage  through  tortuous  bony  canals  ;  the  spreading  of  their 
ramifications  in  a  very  delicate  membrane,  the  pia,  before  they 
enter  the  substance  of  the  brain  ;  the  minuteness  of  the  capil- 
laries, and  the  extreme  thinness  of  their  walls  ;  the  formation 
of  the  venous  sinuses  (p.  29),  which  do  not  accompany  the  arte- 
ries ;  the  chordae  Willisii  in  the  superior  longitudinal  sinus  ;  the 
absence  of  valves  in  the  sinuses ;  and  the  confluence  of  no  less 
than  six  sinuses,  forming  the  toixular  HcropJiili,  at  the  internal 
occipital  protuberance. 

General  Division  of  the  Brain. — The  mass  of  nervous 
substance  contained  within  the  cranial  cavity,  comprised  under 
the  common  term  brain  {encepJialon),  is  divided  into  four  parts. 
The  cerebrum  forms  the  largest  portion,  and  occupies  the  whole 
of  the  upper  part  of  the  cranial  cavity  ;  its  base  resting  on  the 
anterior  and  middle  fossae  and  the  tentorium  cerebelli.  It  is 
connected  with  the  pons  by  two  white  nerve-masses,  the  cnira 
cerebri,  and  with  the  cerebellum  by  two  white  cords,  the  cnira 
cerebelli.  The  cerebellum,  or  smaller  brain,  occupies  the  space 
between  the  tentorium  cerebelli  and  the  occipital  fossae.  The 
pons  is  the  quadrilateral  mass  of  white  fibres  which  rests  upon 
the  basilar  process  of  the  occipital  bone.  The  medulla  oblon- 
gata is  the  portion  below  the  pons,  which  is  continuous  below 
with  the  spinal  cord  and  rests  upon  the  lower  part  of  the  basilar 
process  of  the  occipital  bone. 

The  result  of  a  large  number  of  observations  shows  that  the 
weight  of  the  brain  averages  in  males  49^  oz.  {I^Jj^.S grm),  and 
in  females  about  44  oz.  {124^.2  grm.)  ;  although  it  has  been 
known  to  weigh  as  much  as  64  oz.  {I'/ll.2  grm.),  as  in  the  case 
of  Cuvier's  brain,  and  as  little  as  23  oz.  {6j^.^  grm.),  in  the 
case  of  an  idiot's  brain. 

The  average  specific  gravity  of  the  brain  is  about  1036 ;  that 
of  the  white  matter  being  1040,  and  that  of  the  gray  1034. 

ing  the  force  of  the  Iilood  supplied  to  the  brain.  The  arteries,  as  they  enter  the 
skull,  divide  into  several  branches,  which  again  unite  and  form  a  remarkable  net- 
work of  arteries,  called  by  Galen,  who  first  described  it,  the  '  reU  mirabilc.''  The 
object  of  this  evidently  is  to  moderate  the  rapidity  with  which  the  blood  would 
otherwise  enter  the  cranium  in  the  different  positions  of  the  head,  and  thus  pre- 
serve the  brain  from  those  sudden  influxions  to  which  it  would  under  other 
circumstances  be  continually  exposed. 
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The  relative  proportion  of  the  amount  of  white  to  gray 
matter  is,  64  per  cent,  of  white  substance  to  36  per  cent  of 
gray  matter. 

The  weight  of  the  encephalon  varies  greatly  in  different  sub- 
jects, and  although  its  weight  seems  to  bear  some  proportionate 
relation  to  the  intellectual  power,  yet  in  many  instances  there 
appears  to  be  no  such  definite  relation. 

The  brain  weight  gradually  increases  up  to  the  age  of  forty, 
when  it  attains  its  maximum  ;  after  this  period  the  weight  de- 
creases at  the  rate  of  one  ounce  for  every  additional  ten  years 
of  life. 

MEDULLA     OBLONGATA. 

The  medulla  oblongata,  spinal  bulb  or  oblongata,  is  that  part 
of  the  cerebro-spinal  axis  which  is  placed  below  the  pons,  and 
is  continuous  with  the  spinal  cord  on  a  level  with  the  upper 
border  of  the  atlas.  It  is  slightly  pyramidal  in  shape,  with  the 
broad  part  above.  It  lies  on  the  basilar  groove  of  the  occipital 
bone,  and  descends  obliquely  backwards  through  the  foramen 
magnum.  Its  posterior  or  dorsal  surface  is  received  into  the 
fossa  (valecula)  between  the  hemispheres  of  the  cerebellum. 
It  is  about  an  inch  and  a  quarter  (J./  cm)  in  length,  three- 
quarters  of  an  inch  {1.8  cm.)  at  the  broadest  part,  and  half  an 
inch  (J./  mm.)  in  thickness.  It  has  a  superior  and  an  inferior 
extremity,  and  four  surfaces  —  a  ventral,  two  lateral,  and  a  dor- 
sal. Its  superior  extremity  is  directly  connected -with  the  dorsal 
surface  of  the  pons,  but  the  ventral  surface  is  separated  by  a  dis- 
tinct horizontal  groove,  from  which  emerges  the  sixth,  seventh, 
and  eighth  cranial  nerves.  Its  inferior  extremity  is  connected 
with  the  spinal  cord.  Th^  ventral  surface  of  the  medulla  is 
divided  into  two  equal  parts  by  the  ventro-median  fissure,  in  the 
lower  part  of  which  is  seen  the  decussation  of  the  crossed 
pyramidal  tracts.  At  its  upper  end  the  fissure  terminates  at 
the  pons  in  a  cul-de-sac,  termed  the  foramen  ccEciim  of  Vic 
d'Azyr.     On  each  side  of  this  fissure  are  \\\q.  pyramids. 

The  pyramids  are  two  columns  of  white  matter,  narrow  below, 
but  increasing  gradually  in  breadth  as  they  ascend  toward  the 
pons,  and  separated  from  each  other  by  the  ventro-median 
fissure,  and  from  the  corresponding  lateral  suface  by  the  ventro- 
lateral fissure.  The  fibres  of  the  pyramids  are  divided  into  a 
mesial  and  a  lateral  tract ;  the  mesial  tract  is  made  up  of  the 
decussation  of  the  crossed  pyramidal  tract  already  spoken  of  ; 
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the  lateral  fibres  are  continuous  with  the  fibres  lying  next  to 
the  ventro-meclian  fissure  of  the  cord.  All  the  fibres  of  the 
pyramids  may  be  traced  through  the  pons  to  the  crura  cerebri. 

Each  lateral  surface  is  separated  from  the  ventral  surface  by 
the  ventro-lateral  fissure,  and  from  the  dorsal  surface  by  the 
dorso-lateral  fissure.  At  the  upper  part  of  this  surface  on  each 
side  is  found  an  oval  eminence,  called  the  olivey  or  olivary  body. 
The  lower  half  of  this  area  is  oc- 
cupied by  the  lateral  tracts.  The 
lateral  tracts  are  composed  of  the 
antero-lateral  ground  bundle,  and 
the  antero-lateral  ascending  and  de- 
scending cerebellar  tracts  (Gray). 
Some  of  these  fibres  pass  over  and 
some  beneath  the  olivary  body, 
while  others  pass  in  the  grooves 
on  each  side  of  this  body. 

The  olivary  bodies  are  two  oval 
eminences  about  |  of  an  inch 
(/  cm.)  long,  situated  in  the  upper 
half  of  each  lateral  area.  They  do 
not  ascend  as  high  as  the  pons, 
for  there  is  a  deep  groove  between 
them.  They  consist  externally  of 
white  matter,  and  at  their  lower 
part  some  white  fibres  may  be  ob- 
served arching  round  from  the 
ventro-median  fissure,  constituting 
the  arciform  fibres  of  Rolando.  In 
the  fissure  between  the  ventral 
pyramids  and  these  bodies  are  seen 
the  fasiculi  of  the  hypoglossal 
nerve  emerging  from  the  medulla, 
and  in  the  fissure  behind  the  olive  emerge  the  roots  of  the 
glosso-phiryngeal,  the  pneumogastric,  and  the  spinal-accessory 
nerves.  The  olivary  bodies  are  composed,  as  before  stated,  ex- 
ternally of  white  matter  ;  but  if  a  transverse  section  be  made 
into  them,  their  interior  presents  an  undulating  line  of  yellowish- 
brown  color,  called  from  its  zigzag  shape,  the  corpus  dentatum, 
or  nucleus  of  the  olivary  body.  It  forms  an  interrupted  capsule, 
incomplete  at  the  upper  and  inner  side,  so  that  it  allows  the 
entrance  of  a  bundle  of  white  fibres,  the  olivary  peduncle,  from 
the  medulla  behind  the  pyramid. 
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Fig.  273.  —  Pons  and  Medulla 
Ventral  Asi'Ect. 
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These  fibres  are  distributed  in  various  ways ;  some  pass 
through  and  join  the  restiform  body  under  the  name  of  the 
internal  arcnate  fibres,  and  some  passing  between  the  fibres  of 
the  ohvary  body,  come  to  the  surface  and  curve  round  it,  form- 
ing the  external  arcnate  fibres.  Two  other  isolated  gray  nuclei 
may  be  recognized  in  the  transverse  section,  one  on  the  inner 
side  of  and  the  other  behind  the  corpus  dentatum  ;  these  called 
the  accessory  olivary  nuclei  are  linear  in  shape,  and  about  ^V  of 
an  inch  {2  mm.)  in  length  ;  the  root  fibres  of  the  hypoglossal 
nerve  pass  between  the  inner  nucleus  and  corpus  dentatum  to 
emerge  between  the  pyramid  and  the  olivary  body. 

The  dorsal  surface  of  the  medulla  in  its  lower  part  is  divided 
equally  by  the  dorso-median  fissure  ;  on  each  side  is  the  dorso- 
median  column,  or  funiculus  gracilis  (column  of  Goll),  whose 
■  upper  extremity  terminates  in  a  prominence  called  the  clava. 
This  prominence  diverges  slightly  from  its  fellow,  and  forms 
part  of  the  lower  boundary  of  the  fourth  ventricle.  On  the 
outer  side  of  the  funiculus  gracilis,  and  separated  from  it  by 
the  dorso-intermediate  fissure,  is  ^^^  funiculus  cuneatus ;  this 
column  is  the  larger  of  the  two,  ends  at  the  upper  part  on 
the  cuneate  tubercle,  which  lies  just  at  the  outer  side  of  the 
clava.  Separated  from  the  funiculus  cuneatus  by  a  slight  fis- 
sure (the  dorso-median)  on  its  outer  side  is  the  ftmiculus  of 
Rolando  ;  this  column  also  terminates  in  an  eminence  called  the 
tubercle  of  Rolando,  just  beneath  the  restiform  body.  Most 
external  of  all  the  columns  on  the  dorsal  surface  is  the  direct 
cerebellar  tract.  This  tract  originally  belonged  to  the  lateral 
surface  of  the  spinal  cord ;  but  as  it  reaches  the  lower  part  of 
the  medulla,  it  pushes  backward,  displacing  the  dorso-lateral 
fissure,  and  passes  to  the  dorsal  surface,  now  being  the  most 
external  portion  of  this  surface,  and  continues  upward  to  form 
the  restiform  body  in  conjunction  with  the  internal  arciform 
fibres. 

The  upper  half  of  the  dorsal  half  of  the  medulla  is  that  por- 
tion of  the  bulb  which  enters  into  the  formation  of  the  floor  of 
the  fourth  ventricle,  and  will  be  described  later.  This  portion 
is  separated  from  the  cerebellum  by  a  membrane  composed  of 
the  ventral  layer  of  endyma  and  a  dorsal  layer  of  pia  stretched 
across  between  the  dorsal  pyramid,  or  funiculus  gracilis.  This 
being  a  place  where  the  nervous  tissue  of  the  encephalic  wall 
has  disappeared  and  left  only  its  lining  and  vascular  membranes, 
which  coming  in  contact  here,  form  the  posterior  inedtdlary  ve- 
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lum,  or  mctatcla.  From  its  ventral  surface  hang  blood  vessels 
covered  by  endyma,  called  the  choroid  plexuses  of  the  fourth 
ventricle.  In  the  middle  of  this  membrane  is  a  perforation,  the 
foramen  of  Magendie  or  metapore,  by  means  of  which  the 
cerebro-spinal  fluid  mingles  with  that  surrounding  the  spinal 
a.xis.  The  obe.x  is  a  thickened  portion  of  the  endyma  attached 
to  the  lower  angle  of  the  fourth  ventricle  ;  and  the  ligula,  a 
thin  lamina  of  white  substance  which  connects  the  endyma  with 
the  lateral  angle  of  the  fourth  ventricle. 

On  the  lower  part  of  the  upper  half  is  seen  the  restiforvi 
bodies  or  restis.  The  restifonn  bodies  are  two  rounded  cords 
made  up  of  the  direct  or  inferior  cerebellar  tracts  and  the  inter- 
nal arciform  fibres  ;  as  before  stated,  they  begin  at  the  lower 
part  of  the  upper  half  of  the  dorsal  surface,  and  pass  outward, 
upward  and  backward  to  the  cerebellum,  forming  the  inferior 
peduncles  of  that  body. 


PONS    VAROLII. 

The  pons  (bridge)  Varolii,  or  pons  hibcr  annulare,  is  the 
convex  eminence  of  transverse  white  fibres  (Fig.  273)  which  is 
situated  at  the  base  of  the  brain  immediately  above  the  medulla 
oblongata.  It  rests  upon  the  basilar  groove  of  the  occipital  and 
the  sphenoid  bones.  Its  upper  margin  is  convex  and  well  de- 
fined, and  arches  over  the  crura  cerebri ;  the  lower,  also  well 
defined,  is  nearly  straight,  being  separated  from  the  medulla 
by  a  transverse  groove.  Laterally,  the  pons  becomes  narrower, 
in  consequence  of  its  transverse  fibres  being  more  closely 
aggregated  ;  these  enter  the  anterior  and  under  part  of  the  cere- 
bellum, constituting  its  middle  peduncle.  Along  the  middle  runs 
a  shallow  groove,  broader  above  than  below,  which  lodges  the 
basilar  artery.  If  the  pia  be  removed,  we  observe  how  the 
superficial  fibres  pass  transversely  to  connect  the  two  hemis- 
pheres of  the  cerebellum.  Throughout  the  mammalia  the  size 
of  the  pons  bears  a  direct  ratio  to  the  degree  of  development 
of  the  lateral  lobes  of  the  cerebellum  ;  therefore  it  is  larger  in 
man  than  in  any  other  animal.* 

The  pons  consists  of  four  layers  of  alternating  transverse  and 

*  Birds,  reptiles,  and  fishes  have  no  pons,  as  there  are  no  lateral  lobes  to  the 
cerebellum. 


712  THE    CEREBRUM. 

longitudinal  white  fibres,  intermingled  with  more  or  less  gray 
matter,  which  is  chiefly  found  on  its  upper  surface,  where  it 
forms  part  of  the  floor  of  the  fourth  ventricle. 

The  superficial  layer  of  white  fibres  is  transverse,  connecting  the  cerebellar 
hemispheres  ;  the  middle  fibres  pass  transversely  across,  the  inferior  ascend  slightly, 
while  the  superior  pass  backwards  and  outwards  to  enter  the  cerebellum. 

The  second  layer  consists  of  longitudinal  fibres  which  are  the  continuation  of 
the  fibres  of  the  medulla  oblongata  in  their  passage  lo  the  cerebrum.  It  is  mainly 
composed  of  fibres  derived  from  the  pyramids  which  pass  up  to  form  the  super- 
ficial fibres,  critsia,  of  the  crura  cerebri. 

The  third  layer  is  formed  of  transverse .  fibres,  which,  from  their  peculiar 
arrangement  take  the  name  of  trapezium  ;  the  fibres  in  their  course  outwards  pass 
round  m  front  of  the  superior  oHvary  nuclei,  then  acrofs  the  fasciculi  of  the  facial 
nerves,  and  lastly  in  front  of  the  ascending  roots  of  the  fifth  nerves  to  enter  the 
middle  peduncle  of  the  cerebellum. 

The  deepest  and  zippertnost  layer  is  composed  of  longitudinal  nerve-fibres ;  those 
derived  from  the  olivary  fasciculi  divide  into  two  bundles,  one  ascending  to  the 
corpora  quadrigemina,  the  other  passing  to  the  cerebrum  ;  and  those  derived  from 
the  lateral  and  posterior  columns  of  the  cord,  which,  with  a  fasciculus  from  the 
fillet,  form  the  fasciculi  teretes  in  the  floor  of  the  fourth  ventricle,  and  pass  up- 
wards to  form  the  tegmenta,  or  deeper  portions  of  the  crura  cerebri. 

The  gray  matter  is  chiefly  aggregated  at  the  posterior  part  of  the  pons,  and 
varies  in  thickness  in  different  sections.  Thus  a  section  through  the  middle  of  the 
pons  will  show  the  following  nuclei  of  gray  matter,  beginning  from  the  central 
groove  and  passing  outwards  :  a  small  intermediate  portion  of  the  facial  nerve,  the 
large  nucleus  of  the  sixth,  the  facial  nerve,  the  large  superior  nucleus  of  the  audi- 
tory nei-ve;  while  below  we  notice  the  superior  olivary  nucleus,  the  nucleus  of  the 
facial  nerve,  and  externally  the  gray  substance  of  Rolando,  enclosing  the  ascending 
root  of  the  fifth  nerve. 

The  pons,  like  the  medulla  oblongata,  has  an  imperfect  median 
septum  composed  of  horizontal  fibres,  some  of  which,  at  the  an- 
terior border,  surround  the  crura  cerebri. 


THE   CEREBRUM. 

The  cerehnim  in  man  is  so  much  more  developed  than  the 
other  parts  of  the  encephalon  that  it  completely  overlies  them, 
and  forms  by  far  the  largest  portion.  It  is  oval  in  form  and 
convex  on  its  external  aspect.  It  is  divided  in  the  middle  line 
into  two  symmetrical  parts,  termed  the  right  and  left  hemi- 
spheres, by  the  deep  longitudinal fissitre,  which  is  occupied  by 
the  falx   (p.   28).*     The  cerebrum   is  composed   of  numerous 

*  Examples  are  occasionally  met  with  where  the  longitudinal  fissure  is  not 
exactly  in  the  middle  line,  the  consequence  of  which  want  of  symmetry  is,  that  ore 
hemisphere  is  larger  than  the  other.  Bichat  [Recherches  phvsiologiques  sur  la  Vie 
et  la  Mart,  Paris,  1829)  was  of  opinion  that  this  anomaly  exercised  a  deleterious 
influence  on  the  intellect.  It  was  remarkable  that  the  examination  of  his  own 
brain  after  death  went  lo  pove  the  error  of  his  theory. 
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parts  —  viz.,  of  certain  internal  ganglionic  masses,  the  corpora 
striata,  optic  thalami,  and  corpora  quadrigemina  ;  of  commis- 
sural white  fibres,  the  fornix,  callosum,  and  the  commissures  of 
the  third  ventricle ;  of  the  pineal  and  pituitary  bodies  ;  and, 
lastly,  of  the  two  lateral  hemispheres,  which  overlie  and  conceal 
the  parts  previously  mentioned. 

The  cerebrum  rests  upon  the  anterior  and  middle  fossae  of  the 
base  of  the  skull,  and  the  tentorium  cerebelli.  There  are  three 
surfaces  to  each  hemisphere  :  an  external  or  convex  ;  an  inner 
or  median  ;  and  an  inferior,  interrupted  by  the  fissure  of  Sylvius. 

By  widely  separating  the  two  hemispheres  at  the  longitudinal 
fissure  (the  brain  being  in  its  natural  position),  we  discover  that 
they  are  connected  in  the  middle  by  the  transverse  white  com- 
missure, called  the  callosum.  In  front  of,  and  behind  this  mass, 
the  longitudinal  fissure  extends  to  the  base  of  the  brain. 

The  cerebral  hemispheres,  viewed  from  above,  form  an  ovoid 
mass,  broader  in  front  than  behind,  and  convex  to  correspond 
with  the  vault  of  the  calvaria.  Their  surface  is  mapped  out 
by  tortuous  eminences  termed  convolutions  {gyri),  separated 
from  each  other  by  deep  furrows  {sulci),  which  extend  to  a 
variable  depth.  Many  of  the  sulci  are  occupied  by  large  veins 
in  their  course  to  the  sinuses ;  others  are  filled  with  a  subarach- 
noid fluid.  The  convolutions  are  folds  of  the  brain,  and  their 
outer  surface  consists  of  gray  matter,  so  that  the  extent  of  the 
gray  substance  is  thus  very  largely  increased ;  the  gray  matter 
here  is  called  the  cortical  substance.  The  interior  of  the  convo- 
lutions consists  of  white  nerve  substance.  The  convolutions 
are  not  symmetrical  on  both  sides,  although  they  follow  a  some- 
what similar  arrangement.  The  number,  arrangement,  and 
depth  of  the  convolutions  vary  somewhat  in  different  individuals, 
and,  to  a  certain  extent,  may  be  considered  an  index  to  the  de- 
gree of  intelligence.* 

The  depth  of  the  sulci  between  the  convolutions  varies  in 
different  brains,  from  an  inch  to  half  an  inch  {2.^  cm.  to  IJ  mm.)  ; 
hence   it  follows   that  two  brains   of  equal  size  may  be  very 

*  Those  who  wish  to  investigate  the  cerebral  convolutions  in  their  simplest  form 
in  the  lower  classes  of  mammalia,  and  to  trace  them  through  their  successive  de- 
velopment and  arrangement  into  groups  as  we  ascend  to  the  higher  classes,  should 
consult  I/;uret,  Awitomie  compart  du  Systl'me  Nerveiix  cotisideree  dims  ses  Rap- 
ports avec  r /ntt'lli,i;cnce,  I'aris,  i-S^g;  also  Foville,  TraiU  de  I'Anat.  du  Systl'me 
Nerveiix,  etc.,  I'aris,  iS.}4.  The  convolutions  of  the  human  brain  have  been 
described  by  Ki  ker.  On  the  Cmniohitioiis  of  the  f/umnn  /Iniin,  1S73;  and  by 
Turner,  The  Convolutions  of  the  Ifuman  lirain  topo^^raphictilly  considered,  Edin., 
1866  ;     Proceedings  Atner.  Ass.  Anatomists,  Wilder,  Spt.,  1900. 
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unequal  in  point  of  extent  of  surface  for  the  gray  matter,  and 
therefore  in  amount  of  intellectual  capacity.  Under  the  micro- 
scope the  cortical  layer  is  seen  to  consist  of  four  layers  —  two 
of  gray  alternating  with  two  of  white  —  the  external  layer  being 
always  white.  These  layers  are  not  equally  thick  in  all  situa- 
tions, and  in  some  parts  six  layers  may  be  demonstrated,  owing 
to  the  interpolation  of  a  layer  of  white  substance  in  the  outer 
stratum  :  these  are  chiefl"  seen  near  the  callosura  and  in  the 
occipital  lobe.* 


Fig.  274  (A).  — View  of  the  Convolutions  and  Fissures  of  the  External  Surface  of 
THE  Brain  (Left  Side). 

A.  Fissure  of  Rolando.  B.  Fissure  of  Sylvius,  c.  Inter-parietal  fissure.  P.O.  Parieto-occipital 
fissure,  cm.  Calloso-raarginal  fissure,  f.  Frontal  lobe.  p.  Parietal  lobe.  o.  Occipital  lobe. 
T.s.  Temporo-sphenoidal  lobe.  a.f.  Ascending  frontal  convolution,  a. p.  Ascending  parietal 
convolution.  /1, /■,,/?,■  Superior,  middle,  and  inferior  frontal  convolutions,  sejjarated  by  the 
superior  and  inferior  frontal  sulci.  p\,  pi-  Superior  and  inferior  parietal  convolutions,  separated 
by  the  inter-parietal  fissure.  01,02,03.  Superior,  middle,  and  inferior  occipital  fissures.  tx,t:!,,i?,- 
Superior,  middle,  and  inferior  temporo-sphenoidal  fissures. 

Some  of  the  sulci,  from  their  depth,  regularity,  and  early 
period  of  development,  are  termed  \.\xq.  primary  ox  interlobular 
fissures,  and  map  out  the  surface  of  the  cerebrum  into  five 
lobes.  Of  these  sulci  there  are  three  :  the  fissni-e  of  Sylvius, 
the  fissure  of  Rolando  or  central  fissure,  and  the  parieto-occipital 
or  occipital  fissure  (Fig.  274). 

*  For  an  account  of  these  laminae,  see  Lockhart  Clarke,  Proceedings  of  the 
Royal  Society^  1 863. 
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T\\e  fissure  of  Sylvius  IS  seen  on  the  base  of  the  cerebrum, 
where  it  receives  the  lesser  wing  of  the  sphenoid  bone.  It  be- 
gins outside  the  locus  perforatus  anticus  or  praecribrium,  as  a 
deep  triangular  depression  —  vallecula  Sylvii  —  and  then  curves 
outwards  as  a  deep  cleft  to  the  external  surface  of  the  cere- 
brum ;  it  divides  into  two  rami — an  ascending  or  vertical,  about 
an  inch  {2.^ cm.)  in  length,  and  a  posterior  or  horizontal  ramus, 
which  passes  backwards  and  slightly  upwards,  and  ends  at  the 
posterior  third  of  the  cerebrum  by  a  bifid  extremity.  Within 
the   fissure,  near  its   commencement,  a   series  of  convolutions 


Aarare, 


olfactory  f. 
basisylvian  f. 


t£>-i^' 


O?^^ 


Fig.  274  (B).  —  Fissukes  and  Gvri  on  the  Latter  Sukfacb  of  the  Left  Hemisphere. 

(From  Wilder.) 


may  be  seen  deeply  placed  ;  these  are  called  the  gyii  operti,  the 
island  of  Reil  or  insula.  In  the  fork  between  the  two  rami  of 
the  Sylvian  fissure  are  several  convolutions,  which  have  been 
termed  by  Broca  the  operculum  of  the  insula. 

The  fissure  of  Rolando  or  central  fiss?cre  (Fig.  274,  a)  runs 
obliquely  over  the  outer  convex  surface  of  the  hemisphere.  It 
commences  close  to  the  longitudinal  fissure  about  its  middle, 
from  which  it  is  separated  by  the  marginal  convolution.  It  then 
runs  obliquely  downwards  and  forwards,  and  terminates  a  little 
above  the  fork  of  the  Sylvian  fissure.  As  seen  in  Fig.  275,  the 
two  fissures  form  a  V-shape,  failing  to  be  joined  at  the  angle. 
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The  fissure  is  formed,  in  early  foetal  life,  by  a  large  vein,  which 
subsequently  atrophies,  and  is  rarely  bridged  over. 

"Wi^  patieto-occipital  ox  occipital  fissure  (Fig.  275,  p.o/.)  is 
seen  on  the  median  surface  of  the  hemisphere,  towards  its  pos- 
terior part.  It  begins  as  a  deep  cleft  on  the  median  surface, 
about  half  an  inch  (/J  mm^  behind  the  callosum,  then  ascends 
nearly  vertically,  and  ends  on  the  external  aspect  of  the  cere- 


FiG.  275.  —  Convolutions  of  the  Upper  Surface  op  the  Brain. 

A.  Fissure  of  Rolando.  a.f.  Ascending  frontal  or  precentral  convolution.  A. p.  Ascending 
parietal  or  postcentral  convolution,  s.m.  Supra-marginal  convolution,  below  which  is  the  ari- 
gular  gyrus,  p.o.y.  Parieto  occipital  fissure.  F.  Frontal  lobe.  p.  Parietal  lobe.  o.  Occi- 
pital lobe.yiy"2ys-  Superior,  middle,  and  inferior  frontal  convolutions.  P],  Pj.  Superior  and 
inferior  parietal  convolutions.  Oi,  O2,  O3.  Superior,  middle,  and  inferior  occipital  convolu- 
tions.    C.ni.  f.  Calloso-marginal  fissure. 

brum,  about  an  inch  {2.^  cm.)  beyond  the  longitudinal  fissure  ; 
this  latter  portion  taking  the  name  of  the  external  parieto- 
occipital fisstt-re. 

The  fissure  of  Sylvius  is  first  seen  about  the  middle  of  the  third  montli  of 
foetal  life,  and  is  caused  by  the  extension  backwards,  and  folding  upon  itself,  of  the 
maittle ;  the  fissure  of  Rolando  begins  to  be  developed  about  the  fifth  month,  and 
the  parieto-occipital  fissure  between  the  third  and  fourth  month  of  uterine  life. 

The  primary  fissures  form  the  boundaries  of  the  various  lobes 
of  which  each  hemisphere  is  composed. 
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'Y\iQ.  frontal  lobe  is  that  part  of  the  front  portion  of  the  cere- 
brum, bounded  behind  by  the  fissure  (central)  of  Rolando,  below 
by  the  ascending  part  of  the  fissure  of  Sylvius,  and  on  the 
median  plane  by  the  calloso-marginal  or  supercallosal  fissure. 
Its  inferior  part  rests  on  the  anterior  fossa,  is  separated  from 
the  tempero-sphenoidal  lobe  by  the  main  portion  of  the  Sylvian 
fissure,  and  is  called  the  orbital  siirfacey  while  its  convex  external 
surface  is  called  the  frontal  siirface. 

The  convolutions  on  its  frontal  surface  are  four  in  number  : 
'T\iQ.  asccndi)ig  frontal  ox  precentral  co7ivolntion  (Figs.  274,  a.f.) 
which  bounds,  in  front,  the  fiSsure  of  Rolando,  and  is  usually 
connected  abov^e  and  below  the  fissure  with  the  ascending 
parietal  or  postcentral  convolution  ;  the  union  below  forming 
the  operculum,  the  union  above  part  of  the  paracentral  lobule  ; 
the  upper  and  the  lower  union  of  these  two  convolutions  thus 
shut  off  the  fissure  of  Rolando  from  joining  the  fissure  of 
Sylvius  below,  and  the  longitudinal  fissure  above. 

The  superior,  middle,  and  itiferior  frontal  convolutions  (Figs. 
274,  f,  f,  f,)  course  nearly  horizontally  ;  the  superior  runs 
along  the  margin  of  the  longitudinal  fissure,  the  inferior  along 
the  lower  border  of  the  lobe,  arching  over  the  ascending  ramus 
of  the  Sylvian  fissure';  the  middle  is  placed  between  these.  In 
front  of  the  ascending  frontal  convolution  is  a  vertical  fissure, 
precentral  sulcus,  which  prevents  the  frontal  convolutions  join- 
ing the  former  convolution. 

The  sulci  which  map  out  the  frontal  convolutions  are  two, 
the  superior  and  inferior  frontal  sulci. 

On  the  orbital  surface  there  is  a  deep  sulcus,  the  tri-radiate 
sulcus,  whose  rami  pass  forwards,  outwards,  and  backwards, 
mapping  this  surface  out  into  internal,  anterior,  and  posterior 
orbital  convolutions  (Fig.  276,  TV.  s^. 

On  this  surface  also  we  find  the  olfactory  lobe,  lodged  in  a 
deep  cleft,  the  olfactory  sulcus  (Fig.  276,  Olf.  s),  and  although 
it  will  be  described  under  the  cranial  nerves,  it  is  strictly  a 
cerebral  lobe,  for  it  is  developed  as  a  distinct  outgrowth  from 
the  anterior  cerebral  vesicle ;  moreover,  in  early  foetal  life  it 
possesses  a  cavity  continuous  with  the  general  ventricular  cavity 
of  the  brain. 

The  parietal  lobe  (Fig.  274  p)  is  placed  between  the  central 
fissure  and  the  external  parieto-occipital  or  occipital  fissure,  and 
is  bounded  below  by  the  horizontal  limb  of  the  fissure  of 
Sylvius,  and  by  a  line  continued  from  it  to  meet  one  passing 
down  from  the  parieto-occipital  fissure. 
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The  convolutions  of  the  parietal  lobe  are  three  :  The  ascend- 
ing parietal  or  postcentral  convolution  is  bounded  in  front  by- 
fissure  of  Rolando,  and  runs  parallel  with  the  ascending  frontal 
convolution  in  front,  which  it  joins  above  and  below  the  fissure. 

The  superior  parietal  ox  paiietal  convolution  (Figs.  274)  is 
placed  above  the  interparietal  or  parietal  fissure,  and  courses 
horizontally  backwards  ;  posteriorly  it  runs  beneath  the  parieto- 
occipital fissure,  and  is  connected  with  the  superior  occipital 
convolution  ;  this  is  known  as  the  first  antiectent  convolution  ; 


Fig.  276.  —  Convolutions  of  the  Base  of  the  Cerebrum. 


01/ .  s.  Olfactory  sulcus.     Tr.s.   Tri-radiate  sulcus,     u.  Ucinate  convolution.     Cal.  /.  Calcarine 
fissure.     Ti,  Tj,  T3.  Superior,  middle,  and  inferior  temporo-sphenoidal  convolutions. 

this  convolution  is  also  seen  on  the  median  surface  of  the  cere- 
brum. The  inferior  parietal  or  subparietal  convolution  lies  below 
the  interparietal  fissure,  and  consists  of  two  portions  :  one,  the 
supra-marginal,  lies  in  front  of  the  posterior  ramus  of  the  Sylvian 
fissure  ;  the  other,  the  angular  gyxn?,  (Fig.  274  b,  m),  lies  behind 
the  fissure  of  Sylvius,  and  bends  over  the  termination  of  the 
parallel  sulcus  ;  the  angular  convolution  is  connected  behind 
with  the  occipital  convolutions  by  the  second  and  third  annectent 
convolutions. 

The  interparietal  or  parietal  fissttre  may  ascend  at  first  nearly 
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,  vertically,  connecting  with  the  sub-central,  and  then  runs  hori- 
zontally backwards  from  the  ascending  parietal  convolution. 

The  occipital  lobe  (Fig  274,  o)  consists  of  the  posterior  part 
of  the  hemispheres  behind,  bounded  in  front  by  the  external 
parieto-occipital  fissure,  and  by  a  line  continued  from  it  to  the 
notch  on  the  basal  surface  made  by  contact  with  ridge  lodging 
the  superior  petrosal  sinus. 

The  convolutions  on  the  external  surface  are  three : 

The  superior,  middle,  and  inferior  occipital  convolutions  *  (Fig. 
275.  ^i.  o.y,  o.^  run  nearly  horizontally  backwards,  and  are  separated 
by  the  superior  and  inferior  occipital  fissures  ;  anteriorly  these 
convolutions  are  continuous  with  the  parietal  and  temporo- 
sphenoidal  convolutions,  through  the  four  annectent  gyri.  The 
first  three  have  been  previously  described  ;  the  lowest  or  fourth 
connects  the  inferior  occipital  with  the  inferior  temporo-sphe- 
noidal  convolution. 

There  is  usually  a  small,  shallow,  vertical  fissure,  the  trans- 
vei'se  occipital  or  paraoccipital,  which  passes  down  behind  the 
external  parieto-occipital  fissure. 

On  the  median  plane  is  the  cnneate  lobule,  which  forms  part 
of  the  occipital  lobe,  and  will  be  described  further  on. 

The  temporo-spheTioidal  lobe  (temporal  lobe)  is  bounded  in 
front  and  above  by  the  fissure  of  Sylvius  and  its  horizontal 
ramus,  and  forms  that  part  of  the  hemisphere  which  occupies 
the  middle  cerebral  fossa. 

The  convolutions  of  this  lobe  are  three  :  — 

The  superior  temporo-spJienoidal  or  super-temporal  (Fig.  276, 
T,)  is  bounded  above  by  the  horizontal  ramus  of  the  Sylvian 
fissure,  and  below  by  the  parallel  fissure  ;  it  is  continuous  behind 
with  supra-marginal  and  angular  gyri.  The  middle  temporo- 
sphcnoidal  or  mid-tcjnporal  is  joined  behind  to  the  angular  gyrus 
and  to  the  middle  occipital  convolution  through  the  third  an- 
nectent gyrus ;  the  inferior  or  sub-temporal  is  connected  with 
the  inferior  occipital  convolution  through  the  fourth  annectent 
gyrus. 

There  are  three  fissures  running  from  before  backwards,  the 
superior  temporo-sphenoidal  or  supertemporal,  the  midtemporal, 
and  the  inferior  or  subtemporal. 

The  convolutions  and  fissures  of  the  mesial  and  tentorial  sur- 
faces can  only  be  properly  examined  by  making  an  antero-pos- 

*  The  naming  of  these  fissures  and  convolutions  is  still  a  disputed  point.  See 
Fig.  274  B.     (A.  II.j 
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terior  vertical  section  of  the  brain  through  the  longitudinal 
fissure.  As  this  would  spoil  the  brain  for  future  demonstration, 
the  student  is  recommended  to  examine  one  in  which  this  sec- 
tion has  been  already  made. 

The  fissures  to  be  examined  on  this  surface  are  the  callosal, 
the  calloso-marginal  or  supercallosal,  the  paracentral,  the  inter- 
nal parieto-occipital  or  occipital,  the  calcarine,  the  collateral  and 
the  hippocampal  or  dentate. 

The  convolutions  excluding  of  course  the  mesial  portion  of 
the  first  or  superfrontal  are    the   precuneus,   the  cuneus,  the 
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Fig.  277.  —  Fissures  and  Gyri  on  the  Mesial   Surface  of  the  Right  Hemisphere. 

(From  Wilder.) 

uncus,  the  marginal  including  the  paracentral  gyre,  the  callosal 
gyre  or  gyrus  fornicatus  and  the  dentate. 

The  callosal  fissure  (Fig.  277)  is  equivalent  to  the  ventrical 
of  the  callosum  and  commences  at  its  base  at  the  ventral  aspect 
of  the  precribrium,  and  follows  the  curve  of  the  callosum  from 
its  genu  to  the  basal  aspect  of  its  splenium,  where  it  joins  with 
the  hippocampal  fissure  terminating  in  the  notch  of  the  uncus. 

The  callo sal-marginal  or  sitpercallosal fiissiwe  is  placed  between 
the  callosal  gyre  beginning  in  front  of  the  genu  of  the  callosum- 
and  extends  backwards  parallel  to  the  margin  of  the  paracentral 
gyre,  and   by  some  is   Continuous   with  the  paracentral  fissure 
with  the  anterior  two-thirds  of  the  callosum ;  then  changing  its 
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direction  it  ascends  obliquely  and  terminates  on  the  lateral 
aspect  of  the  hemisphere  where  it  makes  a  deep  notch  behind 
the  central  fissure.  The  posterior  one-third  of  this  fissure  is 
known  as  the  paracentral  fissure,  and  is  sometimes  completely 
separated  from  the  supercallosal  fissure. 

The  internal  parieto-occipital  or  occipital  fissure  passes  ob- 
liquely downwards  and  joins  the  calcarine  fissure  at  the  acute 
angle,  and  is  itself  joined  by  an  additional  fissure  known  as  the 
ad-occipital  which  separates  the  dorsal  margin  of  the  precuneus 
from  the  cuneolus,  the  remaining  boundary  of  the  cuneolus 
being  the  occipital  fissure. 

The  calcarine  fissure  begins  close  to  the  dorsal  border  of  the 
cerebrum  by  two  forks  (post  calcarine  f.)  and  then  running 
nearly  horizontally  forwards  is  joined  by  the  occipital  ;  it  ter- 
minates at  the  basal  margin  of  the  hippocampal  gyre ;  it  corre- 
sponds with  the  hippocampus  minor  (calcar)  in  the  dorsal  horn 
of  the  lateral  ventricle. 

The  collateral  fissure  is  situated  below  the  calcarine  and  runs 
parallel  with  it  for  a  short  distance  in  the  occipital  lobe ;  it  sep- 
arates the  subcalcarine  of  the  lingual  portion  of  the  occipital 
lobe  from  the  subcollateral  gyre  or  inferior  temporal  convolu- 
tions. Farther  forward  on  the  temporal  lobe  it  separates  the 
hippocampal  gyre  and  this  same  temporal  gyre  extending 
slightly  beyond  the  hippocampal  fissure. 

The  hippocampal  or  dentate  fissjire  starts  at  the  basal  portion 
of  the  splenium  of  the  callosum  and  continues  in  an  oblique 
direction  downwards  and  forwards  to  form  the  notch  in  the 
uncus.  It  corresponds  to  the  hippocampus  in  the  lateral  horn 
of  the  lateral  ventricle. 

The  precuneus  or  quadrate  lobe  is  bounded  in  front  by  the 
paracentral  fissure  or  the  continuation  of  the  supercallosal  fis- 
sure, behind  by  the  adoccipital  and  occipital  fissure,  below  and 
in  front  by  the  precuneal  fissure,  and  above  by  the  mesial 
margin  of  the  parietal  lobe.  It  forms  the  mesial  portion  of  the 
parietal  lobe  and  consists  of  several  convolutions  connected 
with  the  callosal  gyre. 

The  cuneus  or  cuneate  lobe  is  bounded  in  front  by  the  occip- 
ital fissure,  below  by  the  calcarine  fissure,  and  behind  by  the 
mesial  margin  of  the  occipital  lobe  between  the  fissure  above 
named.  The  cureolus,  a  small  triangular  convolution  seen  on 
the  mesial  surface,  is  separated  from  the  precuneus  by  the 
adoccipital  fissure. 
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The  unais  or  tmcinte  gyre  is  a  hook-shaped  gyre  situated  on 
the  mesial  surface  of  the  temporal  lobe  in  front  of  the  hippo- 
campal  fissure. 

The  ;^«;^/«^/^rz  include  those  gyri  located  on  the  mesial 
surface,  separated  from  the  callosal  gyre  and  precuneus  by  the 
supercallosal  and  paracentral  fissures  (calloso-marginal  fissure) 
embracing  portions  of  the  mesial  surfaces  of  the  frontal  and 
pariental  lobes.      It  is  frequently  indented  by  secondary  fissures. 

The  callosal  gyre  or  gyrus  fornicatus  consists  of  an  arched 
convolution  which  is  placed  on  the  mesial  surface  and  extends 
from  the  precribrium  around  the  genu  and  splenium  of  the 
callosum  to  the  uncus  of  the  temporal  lobe.  It  is  separated 
from  the  contiguous  portions  of  the  frontal  and  parietal  lobes 
by  the  svipercallosal  and  paracentral  fissures  (these  two  to- 
gether equaling  the  calloso-marginal),  and  precuneal  fissures 
from  the  remaining  portion  of  the  parietal,  occipital  and  tem- 
poral lobes  by  the  occipital  and  calcarine  fissures.  It  is  sepa- 
rated from  the  callosum  by  the  callosal  and  hippocampal  or 
dentate  fissure.  The  interval  made  by  the  callosal  fissure  is 
very  deep  and  is  often  called  the  ventricle  of  the  callosum. 
The  margin  of  the  convolution  is  termed  the  labrhim  cerebri. 
It  includes  the  hippocampal  gyre  or  the  superior  temporal  con- 
volution, and  connects  with  the  precuneus  and  is  itself  con- 
stricted by  the  encroachment  of  the  occipital  and  calcarine 
fissures  to  form  its  isthmus.  The  group  of  convolutions  to- 
gether with  the  septum  lucidum,  fornix,  cornu  ammories,  fiascia 
dentata,  fasciola  cinerea,  mesial  and  lateral  longitudinal  striae, 
and  the  peduncles  of  the  callosum  forms  the  Falciform  or 
Limbic  lobe.  There  is  thus  formed  almost  a  complete  circle 
from  the  locus  perforatus  anticus  or  precribrium  to  the  uncus. 

The  dentate  gyre  (fascia  dentata)  consists  of  serrated  and 
abortive  gray  area  found  in  the  depth  of  the  hippocampal  fis- 
sure extending  from  the  basal  aspect  of  the  splenium  to  the 
notch  in  the  uncus.  It  takes  its  name  from  the  notched  ap- 
pearance it  presents,  owing  to  the  arrangement  of  the  choroid 
arteries  as  they  pass  in  through  the  fissure  into  the  descending 
horn  of  the  lateral  ventricle. 

The  island  of  Reil,  insiUa  or  the  central  lobe,  lies  deeply 
in  the  fissure  of  Sylvius,  not  far  from  its  commencement.  It  is 
triangular  in  shape,  the  apex  being  close  to  the  anterior  per- 
forated spot,  and  from  it  radiate  outwards  five  or  six  short  con- 
volutions {gyri  operti),  which  are  separated  from  the  operculum 
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by  a  deep  fissure.  In  the  normal  position  of  the  brain  it  forms 
the  floor  of  the  lenticular  nucleus  of  the  corpus  striatum.  It 
appears  very  early  in  foetal  life,  and  is  at  first  very  prominent, 
but  subsequently  becomes  closed  in  by  the  increasing  develop- 
ment of  the  temporo-sphenoidal  lobe. 

Nomenclature  of  the  Parts  at  the  Base  of  the  Brain. — 
The  several  objects  seen  at  the  base  of  the  brain  should  now 
be  examined,  proceeding  in  order  from  the  front  (Fig.  278). 
In  this  description  the  cerebral  nerves  are  omitted.  These 
will  be  examined  hereafter. 

In  front  we  notice  the  triangular  frontal  lobes,  separated 
from  each  other  by  the  longitudinal  fissure,  and  bounded 
behind  by  the  fissure  of  Sylvius. 

In  the  middle  line,  dividing  the  frontal  lobes,  is  the  longi- 
tudinal fissure.  By  gently  separating  these  lobes,  we  expose 
the  corpus  callosum,  or  the  great  transverse  commissure  which 
connects  the  two  hemispheres  of  the  cerebrum.  Continued 
backwards  and  outwards  on  each  side  from  the  corpus  callosum 
to  the  fissure  of  Sylvius  is  a  white  band,  the  peduncle  of  the 
corpus  callosum,  E.xtending  from  the  corpus  callosum  to  the 
optic  commissure  is  a  thin  gray  layer,  the  lamina  cinerea. 
Between  the  frontal  and  temporo-sphenoidal  lobes  is  the  fissure 
of  Sylvius,  which  lodges  the  middle  cerebral  artery.  The  optic 
commissure,  formed  by  the  union  of  the  two  optic  tracts,  is  seen 
in  the  middle  line  behind  the  lamina  cinerea.  At  the  root  of  the 
fissure  of  Sylvius  is  the  locus  perforatus  anticus  or  precribrium.* 
Immediately  behind  the  optic  commissure  is  a  slight  prominence 
of  gray  matter,  the  tuber  cinereum  ;  from  this  descends  a  coni- 
cal tube  of  reddish  color,  the  infundibulum,  to  the  apex  of 
which  is  attached  the  pituitary  body  or  hypothesis.  Behind  the 
tuber  cinereum  are  two  round  white  bodies,  the  corp'ora  albi- 
cantia.  Posterior  to  these  is  the  locus  perforatus  posticus  or 
postcribrium,  which  is  bounded  behind  by  the'pons,  and  laterally 
by  the  two  diverging  crura  cerebri,  two  round  cords  of  white 
substance  which  emerge  from  the  anterior  border  of  the  pons. 
Winding  round  the  outer  side  of  each  crus  is  a  soft  white  band, 
the  optic  tract. 

Examine  now  in  detail  the  various  objects  above  enumerated, 
most  of  which  are  shown  in  Fig.  280. 

The  longitndinal fissure  is  visible  in  front,  where  it  separates 

*  Called  perforatus  from  its  being  perforated  by  a  number  of  blood-vessels  for 
the  supply  of  the  corpus  striatum. 


724 


BASE    OF    THE    BRAIN. 


the  two  frontal  lobes,  and,  by  lifting  up  the  cerebellum,  it  can 
be  seen  behind  dividing  the  occipital  lobes.  It  can  be  more 
satisfactorily  examined  later  on. 

The  lamina  cinerea  is  a  thin  layer  of  gray  substance,  which 
runs  backwards  from  the  termination   of  the  corpus    callosum, 
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Fig.  278. 


and  passes  above  the  optic  commissure  to  be  connected  with 
the  tuber  cinereum.  Laterally,  it  is  continuous  with  the  gray 
matter  of  the  two  anterior  perforated  spots.  If  the  lamina  be 
torn,  which  is  very  easily  done,  an  opening  is  made  into  the 
anterior  part  of  the  floor  of  the  third  ventricle. 

The  olfactory  lobe  lies  in  its  own  sulcus  on  the  orbital  surface, 
nearer  its  mesial  aspect. 

The  optic  commissure  is  placed  immediately  behind  the  lamma 
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cinerea.  It  is  formed  by  the  junction  in  the  middle  line  of  the 
two  optic  tracts.  From  it  the  two  optic  nerves  can  be  traced, 
running  forwards  and  outwards. 

The  locus  perforatns  anticus  {Precribriuni)  is  a  shallow  tri- 
angular depression,  placed  to  the  inner  side  of  the  commence- 
ment of  the  fissure  of  Sylvius.  It  is  bounded  in  front  by  the 
two  diverging  white  roots  of  the  olfactory  lobe,  and  behind  by 
the  optic  tract.  It  is  composed  partly  of  gray  substance,  and 
is  continuous  with  the  lamina  cinerea  on  the  inner  side.  Cross- 
ing it  is  seen  a  broad  white  band,  the  pcdu7icle  of  the  corpus 
callosum.  This  space  is  pierced  by  a  number  of  small  aper- 
tures for  the  transmission  of  small  vessels  to  the  corpus 
striatum  ;  hence  its  name. 

The  tuber  cincreiim  (Fig.  278)  is  a  prominence  of  gray  matter 
immediately  behind  the  optic  commissure,  and  in  front  of  the 
corpora  albicantia.  It  forms  part  of  the  floor  of  the  third  ven- 
tricle, and  from  it  a  conical  tube  of  reddish  color,  the  infundi- 
bubim,  descends  to  the  posterior  lobe  of  the  pituitary  body. 
There  is  a  large  collection  of  gray  matter  on  the  outer  side  of 
the  tuber  cinereum,  and  internal  to  the  optic  tract,  called  the 
basal  optic  ganglioji,  from  which  fibres  pass  to  the  correspond- 
ing optic  tract. 

T\\z  pituitary  body  or  JiypopJiisis  occupies  the  sella  turcica,  is 
of  a  reddish-brown  color,  and  consists  of  two  lobes.  Of  its  two 
lobes,  the  anterior  and  larger  is  concave  posteriorly,  to  receive 
the  posterior  lobe,  and  weighs  from  five  to  ten  grains  (g  to  § 
gm.).  The  two  lobes  consist  of  different  structure,  and  differ 
in  their  development ;  \.\\q.  posterior  is  developed  downwards  from' 
the  third  ventricle,  and  is  hollow  ;  subsequently  there  is  a  large 
increase  of  connective-tissue  structure  and  blood-vessels  in  it,  so 
that  the  cavity  is  usually  obliterated.  T\\q.  anterior  1%  darker, 
and  is  surrounded  by  a  connective-tissue  cap.sule;  on  section  it 
resembles  in  structure  the  thyroid  gland,  being  composed  of 
reticular  tissue,  with  numerous  cavities  filled  with  nucleated 
cells  and  granular  matter ;  it  is  originally  developed  as  a  pro- 
longation from  the  ectoderm  of  the  buccal  cavity,  from  which 
it  soon  becomes  isolated. 

The  corpora  albicantia  {niammillaria)  are  two  round  white 
bodies,  situated  behind  the  tuber  cinereum.  Each  is  formed 
by  the  curl  upon  itself  of  the  anterior  crus  of  the  forni.x,  called 
the  bulb  of  the  fornix,  which  then  turns  backwards  and  upwards 
to  end  in  the  optic  thalamus,  as  the   fibres  of   Vicq.  d'  Azyr. 
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They  contain  within   them  some  gray  matter,  and  up  to  the 
seventh  month  of  foetal  life  they  form  one  mass. 

The  locus  pe}fo7'ahis  posticiLS  {postcribrhim)  is  a  depression  of 
gray  matter  placed  between  the  diverging  crura  cerebri  and  be- 
hind the  corpora  albicantia.  Its  surface  is  penetrated  by  small 
vessels  which  supply  the  optic  thalami.  From  its  gray  sub- 
stance some  white  fibres  emerge  and  turn  round  over  the  crura 
cerebri  to  enter  the  white  medullary  portion  of  the  cerebellum. 
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Fig.  279.  —  Diagram  of  the  Course  of  the  Fibres  through  the  Medulla  and  Pons. 


The  cnira  cerebri  (Fig.  278)  are  the  two  rounded  masses  of 
white  matter  which  emerge  from  the  anterior  border  of  the  pons 
Varolii,  and  then  pass  forwards  and  outwards  to  enter  the  ante- 
rior and  inner  aspect  of  the  temporo-sphenoidal  lobes.  Each  is 
about  three-quarters  of  an  inch  {18  mm.)  long,  and  is  rather 
broader  in  front  than  behind.  On  the  inner  side  the  third  nerve 
is  seen  emerging  from  a  groove  {ociilo-motor)  in  the  crus,  which 
marks  the  division  of  the  crus  into  two  portions,  an  upper 
(dorsal)  and  larger  called  the  tegmentum,  and  a  lower,  or  ventral. 
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called  the  cnista.      The  optic  tract  curves  round  the  anterior 
part  of  each  crus,  and  is  adherent  to  it  by  its  anterior  border. 

Structure  of  the  Crura  Cerebri.  — These  are  composed  of  longitudinal  fibres, 
derived  from  the  pyramids,  from  part  of  the  lateral  and  restiform  columns  of  the 
medulla,  and  from  the  gray  matter  in  the  pons  Varolii.  If  one  of  the  crura  be 
divided  longitudinally,  there  is  found  in  the  middle  of  it  a  layer  of  dark-colored 
nerve-substance,  called  locus  iiiger,  which  separates  the  crus  into  an  upper  and 
lower  stratum  of  fibres.  The  lower  stratum  (critsta)  is  tough  and  coarse,  and  con- 
sists of  the  continuation  of  the  fibres  proceeding  from  the  pyramid  and  the  pons. 
The  upper  stratum  {tegmentum^  is  much  softer  and  finer  in  texture  ;  it  is  composed 
of  the  fibres  proceeding  from  the  lateral  and  restiform  columns ;  also  from  the 
superior  crus  of  the  cerebellum.  Tracing  the  fibres  of  the  crus  cerebri  into  the 
cerebral  hemisphere,  we  find  that  its  lower  fibres  ascend  chiefly  through  the  cor 
pora  striata,  its  upper  fibres  through  the  thalami  optici.  In  passing  through  these 
ganglia,  the  crus  receives  a  large  addition  to  its  fibres;  these  branch  out  widely 
towards  all  parts  of  the  hemisphere,  in  order  to  reach  the  cortical  substance  on  the 
surface. 

Origin  of  the  Cerebral  Nerves.  — The  cerebral  nen'cs  are 
given  off  in  pairs,  named  the  first,  second,  third,  etc.,  according 
to  the  order  in  which  they  appear,  beginning  from  the  front. 
There  are  twelve  pairs.  Some  are  nerves  of  special  sense  —  as 
the  olfactory,  the  optic,  the  auditory;  others  are  nerves  of  com- 
mon sensation — as  the  larger  root  of  the  fifth,  the  glosso- 
pharyngeal, and  the  pneumogastric  ;  others,  again,  are  nerves  of 
motion  —  as  the  third,  the  fourth,  the  smaller  root  of  the  fifth, 
the  sixth,  the  facial,  the  spinal  accessory,  and  the  hypoglossal. 

First  Pair  or  Olfactory  Nerves.  —  These  (Fig.  280,  i)  are 
from  their  early  development  outgrowths  from  the  cerebral  lobes, 
and  not,  strictly  speaking,  nerves.  The  nerve  is  triangular  on 
section,  the  apex  of  the  triangle  being  lodged  in  a  straight  fur- 
row {olfactory  sulcus)  in  the  orbital  surface  of  the  frontal  lobe. 
It  proceeds  straight  forwards,  and  terminates  in  the  olfactory 
bulb,  which  lies  on  the  cribriform  plate  of  the  ethmoid  bone. 

The  olfactory  lobe  is  oval,  of  a  reddish-gray  color  and  very 
soft  consistence,  owing  to  the  large  amount  of  gray  matter  con- 
tained in  it.  It  gives  off  from  its  under  surface  about  twenty 
branches,  which  pass  through  the  foramina  in  the  cribriform 
plate.*      For  description  of  these,  see  vol.  I.,  p.  283. 

*  The  olfactory  nerve  and  its  ganglion,  as  stated  above,  are  integral  parts  (the 
prosencephalic  lobe)  of  the  brain.  What  in  human  anatomy  is  called  the  origin 
of  the  nerve  is,  in  point  of  fact,  the  crus  of  the  olfactory  lobe,  and  is  in  every  way 
homologous  to  the  crus  cerebri  or  cerebelli.  In  proof  of  this,  look  at  the  enor- 
mous size  and  connections  of  the  crus  in  animals  which  have  very  acute  sense  of 
smell.  Throughout  the  vertebrate  kingdom  there  is  a  strict  ratio  between  the 
sense  of  smell  and  the  development  of  the  olfactory  lobes.  Again,  in  many  ani- 
mals these  lobes  are  actually  larger  than  the  cerebral,  and  <  ontain  in  their  interior 
a  cavity  which  communicates  with  the  lateral  ventricles.  According  to  Tiedmann, 
th.3  cavity  exists  even  in  the  human  fu.ius  -it  an  early  ])eriod. 
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The  nerve  arises  by  two  roots — an  outer  and  an  inner, 
composed  of  white  matter  (Fig.  280). 

The  outer  root  passes  backwards  and  outwards  as  a  thin  white 
line,  along  the  outer  side  of  the  locus  perforatus  anticus,  to  the 
commencement  of  the  fissure  of  Sylvius. 

Its  deeper  origin  has  been  traced  to  a  nucleus  of  gray  matter  in  the  anterior 
part  of  the  temporo-sphenoidal  lobe. 

The  inner  root  passes  back- 
wards and  inwards  to  the  pos- 
terior extremity  of  the  inter- 
nal convolution  of  the  frontal 
lobe,  and  thence  may  be 
traced  to  the  gyrus  forni- 
catus. 

Between  the  two  roots  may 
be  seen  the  olfactory  tubercle 
arising  from  the  gray  matter 
of  the  sulcus  in  which  the 
nerve  is  lodged,  and  from  the 
gray  matter  of  the  locus  per 
foratus  anticus  m  the  fork 
between  them.  It  contains 
white  fibres  in  its  interior, 
which  have  been  traced  to  the 
corpus  striatum. 

Second  Pair  or  Optic.  — 
The  optic  tracts  arise  from  the 
anterior  lobes  {nates)  of  the 
corpora  quadrigemina,  the  cor- 
pora geniculata,  and  the  pos- 
terior part  of  the  optic  thalami 
(Fig.  280).  They  wind  round  the  crura  cerebri,  with  which  they 
are  connected  by  their  anterior  borders,  and,  after  receiving  some 
fibres  from  the  basal  optic  nucleus  join  in  the  middle  line  to 
form  the  optic  coinmiss^ire.  This  commissure  rests  upon  the 
sphenoid  bone  in  front  of  the  sella  turcica,  and  from  it  each 
optic  nerve,  invested  by  its  fibrous  sheath,  passes  through  the 
optic  foramen  into  the  orbit  and  terminates  in  the  retina. 

At  the  commissure  some  of  the  nerve-fibres  cross  from  one  side  to  the  other. 
This  decussation  affects  only  the  middle  fibres  of  the  nerve  ;  the  outer  fibres  pass 
from  one  optic  tract  to  the  optic  nerve  of  the  same  side  ;  the  inner  fibres  pass  from 
one  optic  tract  round  to  the  optic  tract  of  the  opposite  side.     (Fig.  283,  p.  733.) 


Fig.  280. — Diagram  of  the  Origins  of  the 
Olfactory  and  Optic  Nerves. 

I.  Olfactory  lobe.  2.  Optic  n.  3.  Crus  cerebri. 
4.  Section  of  crus  to  show  locus  niger.  5.  Cor- 
pus geniculatum  externum.  6.  Corpus  genicu- 
latum  internum.  7.  Corpora  quadrigemina.  8. 
Thalamus  opticus.  9.  Tractus  opticus.  10. 
Corpus   callosum. 
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Third  Pair  or  Motores  Oculorum.  —  The  apparent  origin 
of  the  third  nerve  is  from  the  inner  side  of  the  crus  cerebri, 
immediately  in  front  of  the  pons. 

Some  of  its  roots,  however,  pass  through  the  locus  niger  and  the  tegmentum  of 
the  cms,  to  reach  a  inicleus  of  large  yellow  cells  beneath  the  iter  e  tertio  ad  quar- 
tum  ventriculum  {Aqueduct  of  Sylvius),  extending  forwards  as  far  as  the  posterior 
commissure,  and  behind  as  far  as  the  nucleus  of  the  fourth  nerve  (see  below). 

It  runs  forwards  through  the  cavernous  sinus,  and,  passing 
through  the  sphenoidal  fissure  in  two  divisions,  supplies  all  the 
muscles  of  the  orbit  except  the  superior  oblique  and  the  exter- 
nal rectus. 

Fourth  Pair  or  Trochlear  Nerves. — 'Yho,  fourth  ;/f;-r'^  has  its  deep  origin 
from  a  nucleus  of  gray  matter  in  the  floor  of  the  aqueduct  of  Sylvius,  beneath  the 
corpora  quadrigemina,  and  almost  continuous  superiorly  with  the  yellow  nucleus 
of  the  third  nerve.  The  nerve  fibres  then  run  backwards,  upwards,  and  inwards 
in  the  lateral  wall  of  the  Sylvian  aqueduct,  and  reach  the  anterior  part  of  the  valve 
of  Vieussens,  where  they  cross  over  to  the  opposite  side. 

The  nerve  then  emerges  from  the  valve  of  Vieussens  close 
to  the  middle  line,  and,  winding  round  the  crus  cerebri,  enters 
the  orbit  through  the  sphenoidal  fissure  and  supplies  the  supe- 
rior oblique. 

Fifth  Pair  or  Trigeminal  Nerves.  —  The  fifth  ncive  is  the 
largest  of  all  the  cranial  nerves,  and  consists  of  two  roots,  a 
larger  or  sensory,  and  a  smaller  or  motor.  It  has  its  appparent 
origin  from  the  outer  side  of  the  pons  Varolii,  and  a  few  of  the 
transverse  fibres  of  this  body  separate  the  two  roots  of  the  fifth. 

The  motor  or  smaller  root  consists  of  fibres  which  take  origin  from  an  ova! 
gray  nucleus  (motor  nucleus)  situated  in  the  front  part  of  the  floor  of  the  fourth 
ventricle,  internal  to  its  lateral  boundary;  in  their  passage  forwards  the  fibres  are 
joined  by  filaments  from  the  descending  root  of  the  fifth,  which  arise  from  the 
gray  matter  in  the  lateral  wall  of  the  aqueduct  of  Sylvius,  beneath  the  anterior 
lobes  of  the  corpora  quadrigemina.  It  also  receives  some  fibres  from  the  raphe. 
The  sensory  and  larifer  root  arises  by  fibres  having  their  origin  chiefly  in  the 
superior  sensory  nucleus,  which  is  .situated  external  to  the  motor  nucleus,  and 
partly  by  fibres  known  as  the  ascending  fibres,  which  may  be  traced  far  down  in 
the  medulla  from  a  mass  of  nerve-cells  in  connection  with  the  gray  tubercle  of 
Rolando  and  its  upward  prolongation. 

The  two  divisions  of  the  nerve  proceed  forwards  over  the 
apex  of  the  petrous  portion  of  the  temporal  bone ;  here  is 
developed,  upon  the  sensory  root,  the  Gasserinn  ganglion.  The 
root  then  divides  into  three  branches  —  the  ^y'////'^r/;///<:,  which 
passes  through  the  sphenoidal  fissure  ;  the  superior  maxillary, 
which  passes  through  the  foramen  rotundum  ;  the  inferior 
maxillary  or   mandibular,  which    passes   through   the   foramen 
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ovale.  They  all  confer  common  sensation  upon  the  parts  they 
supply,  which  comprise  the  entire  face  and  sides  of  the  head. 
The  small  motor  root  passes  beneath  the  ganglion,  with  which 
it  has  no  connection,  and  accompanies  the  mandibular  division, 
to  be  distributed  to  the  muscles  of  mastication.  For  a  more 
detailed  description  of  the  three  divisions  of  this  nerve  see 
pages  66,  i  50,  269,  Vol.  I. 

Sixth  Pair  or  Abducentes.  —  The  sixth  nerve  emerges 
from  the  transverse  groove  between  the  pons  and  the  anterior 
pyramid  (Fig.  278),  with  bcjth  of  which  it  is  connected. 

Its  deep  origin  can  be  traced  to  an  oval  gray  mass  of  nerve-cells  in  the  fascicu 
lus  teres  in  the  floor  of  the  fourth  ventricle,  close  to  the  median  groove  and  in 
front  of  the  transverse  striae.  The  nerve  fibres  pass  downwards  from  their 
origin  through  the  pons  parallel  with  the  septum,  and  emerge  from  the  transverse 
groove  as  before  stated. 

It  leaves  the  skull  through  the  sphenoidal  fissure,  and,  pass- 
ing between  the  two  heads  of  the  external  rectus,  is  distributed 
to  this  muscle. 

Seventh  Pair  or  Facial  Nerves. —  T\\^  facial  nerve  ox  portio 
dura  (Fig.  278)  has  its  apparent  origin  from  the  groove  be- 
tween the  pons  and  the  restiform  tract,  and  behind  the  olivary 
body. 

Its  deep  origin  may  be  traced  to  an  elongated  mass  of  gray  substance,  placed 
deeply  in  the  floor  of  the  fourth  ventricle,  between  the  motor  nucleus  of  the  fifth 
and  the  transverse  striae.  From  this  origin  its  fibres  run  upwards,  backwards,  and 
inwards  to  the  floor  of  the  fourth  ventricle,  and  wind  round  the  nucleus  of  the 
sixth,  so  as  to  course  superficial  to  it  in  the  fasciculus  teres.  The  nerve  then 
makes  a  sharp  bend  upon  itself,  and  passes  downwards  and  outwards  through  the 
pons  between  the  superior  olivary  nucleus  and  the  ascending  root  of  the  fifth 
nerve.  A  small  separate  fasciculus  of  this  nerve  — pars  intermedia  —  lies  between 
it  and  the  auditory  nerve,  and  forms  connections  with  both ;  it  arises  from  the 
lateral  column  of  the  cord. 

The  nerve  enters  the  meatus  auditorius  internus.  For  the 
further  description  of  the  portio  dura,  see  p.  275,  Vol.  I. 

Eighth  Pair  or  Auditory  Nerves.  —  The  auditory  neive 
emerges  from  the  same  groove  as  the  preceding  nerve,  and  is 
situated  immediately  beneath  it,  being  separated  from  it  only 
by  the  pars  intermedia. 

Its  deep  origin  is  principally  from  the  inner  auditory  nucleus,  situated  in  the 
floor  of  the  fourth  ventricle,  under  the  tuberculum  acusticum  ;  this  nucleus  ex- 
tends from  beneath  the  acoustic  tubercle  to  the  middle  of  the  anterior  half  of  the 
floor,  passing  beneath  the  tranverse  striae  ;  on  its  inner  side,  below,  is  the  vagal 
nucleus ;  on  its  outer  side  is  the  restiform  body  ;  from  this  nucleus  the  fibres  pass 
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outwards,  and,  on  curving  round  the  restiform  body,  are  joined  by  some  filaments 
from  the  transverse  striae.  A  few  of  the  filaments  of  the  auditory  nerve  come 
from  another  nucleus  situated  in  front  of  the  medullary  striae  and  e-xternal  to  the 
preceding  nucleus,  and  which  gets  larger  as  it  passes  upward. 

These  two  bundles  unite,  and  the  nerve  passes  outwards  and 
enters  the  meatus  auditorius  internus  in  company  with  the  por- 
tio  dura.  It  divides  at  the  bottom  of  the  meatus  into  cochlear 
and  vestibular  branches,  which  are  distributed  to  the  internal 
ear. 

Ninth  Pair  or  Glosso- 
pharyngeal Nerves.  —  The 
glosso-pharyiigeal  nerve  arises 
apparently  by  several  filaments 
from  the  restiform  body  below 
the  auditory  nerve. 


Its  deep  origin  is  from  a  nucleus  in 
the  inferior  fovea  of  the  fourth  ventricle, 
continuous  behind  with  the  vagal  nucleus, 
and  covered  in  front  by  the  inner  auditory 
nucleus. 

The  glosso-pharyngeal  nerve 
passes  through  the  middle  com- 
partment of  the  foramen  jugu- 
lare,  and  is  distributed  to  the  mu- 
cous membrane  of  the  pharynx 
and  back  of  the  tongue,  p.  156, 
Vol.  I. 


Fig.  281.  —  View  of  the  Floor  of  the 
Fourth  Ventricle. 

a.  Superior  peduncles  of  the  cerebellum,  h. 
Restiform  tracts,  c.  Posterior  pyramids. 
d.  Fasciculus  teres  :  external  to  it  is  the  su- 
perior fovea,  e.  Striae  acusticae.  _/".  Fasci- 
culus teres,  g.  Tuberculum  acusticura.  h. 
Inferior  fovea.    /.  Cerebellum. 


Tenth  Pair  or  Pneumogastric  Nerves.  —  The  piiemii agastric  nerve  arises 
from  a  gray  nucleus  (divided  into  two  by  a  bundle  of  white  fibres),  which  is 
placed  between  the  glosso-pharyngeal  nucleus  in  front  and  the  spinal  accessory 
nucleus  behind,  in  the  inferior  fovea. 

The  fibres,  about  twelve  in  number,  pass  through  the 
medulla,  and  emerge  from  the  restiform  body,  below  the  glosso- 
pharyngeal, and  join  to  form  a  single  nerve.  This  passes 
through  the  foramen  jugulare,  separated  from  the  preceding  by 
a  septum  of  dura,  and  is  distributed  to  the  pharynx,  larynx, 
the  heart  and  lungs,  the  oesophagus  and  stomach.  See  Vol.  I, 
pp.  159,  201,  275. 

Eleventh  Pair  or  Spinal  Accessory  Nerves.  —  The  spinal 
aecessory  nerve  is  composed  of  two  parts  :  an  upper  or  accessory 
portion,  which  arises  from  the  medulla  below  the  vagus,  and  a 
lower  or  spinal  portion,  which  arises  from  the  spinal  cord. 


'J^2  DISSECTION    OF    THE    BRAIN. 

The  accessory  fibres  may  be  traced  to  the  gray  nucleus,  which  is  connected  in 
front  with  the  vagal  nucleus,  and  lies  close  to  the  median  sulcus  of  the  fourth  ven- 
tricle, extending  to  the  apex  of  the  calamus  scriptorius  and  along  the  side  of  the 
central  canal ;  the  spinal  portion  may  be  traced  below  to  the  tractus  inteiinedio- 
lateralis  and  anterior  cornu,  and  above  to  the  posterior  cornu,  arising  by  slender 
filaments  as  low  down  as  the  fifth  or  sixth  cervical  vertebra. 

The  spinal  portion  ascends  behind  the  ligamentiim  denticula- 
tum,  through  the  foramen  magnum,  into  the  skull,  and  joins  the 
accessory  part.  The  nervus  accessorius  then  passes  through 
the  foramen  jugulare  with  the  two  preceding  nerves  ;  its  acces- 
sory portion  joins  the  pneumogastric  nerve,  and  its  spinal  por- 
tion supplies  the  sterno-mastoid  and  the  trapezius.  The  course 
and  distribution  of  this  nerve  has  been  described  in  the  dissec- 
tion of  the  head  and  neck. 

The  Twelth  or  Hypoglossal  Nerves.  —  The  Jiypoglossal 
neive  arises  by  several  filaments  from  the  medulla,  which 
emerge  from  the  groove  between  the  anterior  pyramid  and  the 
olivary  body. 

Its  fibres  may  be  traced  to  a  long  graj  nucleus  which  forms  an  eminence  in  the 
floor  of  the  fourth  ventricle,  in  front  and  to  the  inner  side  of  the  vagal  nucleus. 

The  filaments  are  collected  into  two  fasciculi,  which  pierce 
the  dura  through  two  apertures  and  join  in  the  anterior 
condylar  foramen ;  it  is  distributed  to  the  muscles  of  the 
tongue  and  the  depressor  muscles  of  the  os  hyoides  and  larnyx, 
Vol.  I,  p.  1 1 8,  162. 

Dissection  of  the  Brain.  —  The  brain  should  now  be  laid 
on  its  base.  We  first  notice  a  median  fissure,  separating  the 
cerebrum  into  two  symmetrical  hemispheres  ;  this  is  the  longi- 
tudinal fissure.  By  gently  separating  the  hemispheres  we  see 
that  the  fissure  extends  in  front  and  behind  to  the  base,  but 
that  in  the  middle  there  is  at  the  bottom  a  white  band  of 
nerve-substance,  which  is  the  great  transverse  commissure  of 
the  cerebrum,  and  termed  the  corpus  callosum,  upon  which  are 
seen  the  two  anterior  cerebral  arteries. 

Slice  off  the  hemispheres  to  about  half  an  inch  {I J  mm.) 
above  the  level  of  the  corpus  callosum.  The  cut  white  surface 
presents  an  oval  appearance  and  is  called  the  centrum  ovale 
minus.  The  white  substance  is  surrounded  by  a  tortuous  layer 
of  gray  matter  about  one-eighth  of  an  inch  (j'.j  mm.)  in  thick- 
ness. This  gray  substance  consists  of  four  layers  —  two  of 
gray  alternating  with  two  of  white,  the  most  external  layer 
being  white.     In  some  places,  chiefly  at  the  base  of  the  brain, 
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six  layers  have  been  demonstrated.  The  white  substance  is 
spotted  with  red  dots  {puncta  vasculosa)  ;  these  are  due  to 
the  escape  of  blood  from  the  divided  vessels.  The  corpus 
callosum  is  now  seen  to  be  overlaid  on  each  side  by  the  gyrus 
fornicatus  ;  the  border  is  termed  the  labium  cerebri,  and  the 
space  between  the  gyrus  and  the  corpus  callosum  is  called  the 
ventricle  of  the  corpus  callosum  or  callosal  fissure. 

Now  slice  off  the  hemisphere  down  to  the  level  of  the  corpus 
callosum,  when  a  section  is  made  of  the  white  substance,  called 
the  centrum  ovale  )najus.  The  corpus  callosum  is  now  well 
exposed. 


Fig.    aSi.  — Upper    Surface  of  Corpus  F:g.  283.  — Diagram  of  Lamina   Cinerea. 

Callosum.  ^^  ^    Peduncles  of  corpus  callosum.     2.  Lamina 
1,1.  Lineae  transversa.  2.  Raphe.   3,3.  Anterior  cinerea.     3.    Commissure  of  optic  nerves, 

cerebral  a. 

Corpus  Callosum.  —  This  stratum  of  white  substance,  con- 
sisting of  transverse  commissural  fibres,  is  the  chief  connecting 
medium  between  the  two  hemispheres,  and  is  called  the  great 
transverse  commissure  of  the  cerebrum  ;  and  moreover  on  each 
side  forms  the  roof  of  the  lateral  ventricles.  Its  surface  is 
slightly  arched  from  before  backwards ;  it  is  about  four  inches 
{10  cm.)  long  and  one  inch  {2.^  cm.)  in  its  greatest  breadth, 
which  is  behind.  It  is  rather  nearer  to  the  front  than  to  the 
back  part  of  the  brain,  and  it  is  thicker  at  the  ends  than  in  the 
middle,  and  thicker  behind  than  in  front.  A  shallow  groove 
called  the  raphe  runs  along  the  middle  of  the  upper  surface 
(Fig.    282)  ;   in  a   fresh    brain,   two   longitudinal   white   tracts, 
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named  stfi(E  longiUtdinales,  or  the  nerves  of  Lancisi,  run 
parallel  to  it ;  and  external  to  these  again  are  two  other  longi- 
tudinal fibres,  strice  longiUidinales  laterales.  The  surface  of  the 
corpus  callosum  is  marked  by  transverse  lines  which  indicate 
the  course  of  its  fibres  ;  these  are  the  linea  trmisverscB  of  the 
old  anatomists.  The  anterior  cerebral  arteries  proceed  along 
the  surface  of  the  corpus  callosum  to  the  back  of  the  brain. 

The  anterior  part  of  the  corpus  callosum  turns  downwards 
and  backwards,  forming  a  bend  called  its  genu.     The  inferior 
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Fig.  284.  —  Verticai.  Section  through  the  Corpus  Callosum,  and  Parts  Below. 


part  of  this  bend  —  rostrum  —  becomes  gradually  thinner  and 
narrower,  and  terminates  in  two  peduncles,  which  diverge  from 
each  other  and  are  lost,  one  in  each  fissure  of  Sylvius.  Between 
these  crura  is  placed  the  lamina  cinerea  (Fig.  283,  p.  733).  The 
posterior  part  of  the  corpus  callosum  terminates  in  a  thick, 
round  border  —  the  splenium  —  which  is  free,  and  beneath  it 
the  pia  enters  the  interior  of  the  ventricles.  A  satisfactory 
view  cannot  be  obtained  of  the  arch  formed  by  the  corpus 
callosum,  of  its  terminations  in  front  and  behind,  and  of  the 
relative    thickness    of    its    different   parts,    without   making   a 
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perpendicular  section  through  a  fresh  brain,  as  shown  in  the 
preceding  figure.* 

Connected  with  the  under  surface  of  the  posterior  part  of  the 
corpus  callosum  is  the  fornix,  which  separates  from  it  in  front, 
the  two  structures  being  connected  by  a  vertical  septum  —  the 
septum  Inciduvi  (Fig.  284). 

Lateral  Ventricles.  —  A  longitudinal  incision  should  be 
made  on  each  side  through  the  corpus  callosum  about  half  an 
inch  (/J  tjun.)  from  its  median  raphe.  Care  must  be  taken  not 
to  cut  too  near  the  middle  line,  in  order  to  preserve  the  delicate 
partition  which  descends  from  the  under  surface  of  the  corpus 
callosum,  and  separates  the  ventricles  from  each  other.  Two 
cavities,  called  the  lateral  ventricles,  will  thus  be  exposed,  one 
in  each  cerebral  hemisphere,  and  they  should  afterwards  be  laid 
open  throughout  their  whole  extent.  Their  general  form  should 
be  first  examined  ;  then  the  several  objects  seen  in  them. 

The  lateral  ventricles  are  two  serous  cavities,  one  in  each 
hemisphere  of  the  brain.  They  are  occasioned  by  the  enlarge- 
ment and  folding  backward  of  the  cerebral  lobes  over  the  other 
parts  of  the  central  nervous  axis.  They  contain  a  serous  fluid, 
which,  even  in  a  healthy  brain,  sometimes  exists  in  considerable 
quantity ;  when  greatly  in  excess  it  constitutes  one  form  of  the 
disease  termed  hydrocephalus.  The  v'entricles  are  lined  with 
ciliated  epithelium,  laid  upon  a  layer  of  neuroglia  {ependyma)  ; 
a  term  which  has  been  applied  to  that  peculiarly  delicate  con- 
nective tissue  found  throughout  the  brain  and  spinal  cord. 

The  ventricles  are  crescentic  in  shape,  with  their  backs 
towards  each  other.  Each  consists  of  a  central  part  or  body, 
and  three  horns  or  cornua  —  anterior,  middle,  TiXiA.  posterior  — 
which  extend,  respectively,  into  the  frontal,  temporo-sphenoidal, 
and  occipital  lobes.  The  body,  situated  in  the  middle  of  the 
hemisphere,  is  triangular  in  shape,  and  is  separated  from  its 
fellow  by  the  septum  lucidum.  Its  roof  is  formed  by  the  cor- 
pus callosum  (Fig.  286,  i)  ;  internally,  it  is  bounded  by  the 
septum  lucidum  (Fig.  284)  ;  on  the  floor,  beginning  from  the 
front,  are  seen  the  corpus  striat?im,  the  tcBnia  semieircnlaris, 
the  optic  thalamus,  the  choroid  plexus,  and  the  corpus  fimbfiatiim 
of  \.\\Q,  fornix  (Fig.  285). 

♦  The  corpus  callosum  is  more  or  less  developed  in  all  mammalia,  but  is  absent 
in  birds,  reptiles,  and  fish.  It  has  been  absent  in  the  human  subject  without  any 
particular  mental  deficiency.  See  cases  recorded  by  Reil,  Archiv.  fiir  die  P/iys.  t. 
xi.,  and  Wenzel,  De  penitori  Struct.  Cereb.,  p.  302. 
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The  anterior  horTi  extends  into  the  frontal  lobe,  and  as  it 
passes  forwards  it  diverges  slightly  from  its  fellow  of  the  op- 
posite side.  It  is  triangular  in  shape ;  its  roof  and  anterior 
wall  are  formed  by  the  corpus  callosum,  and  it  curves  round  the 
anterior  extremity  of  the  corpus  striatum. 

^\\Q  posterior  horii  can  be  traced  into  the  occipital  lobe,  where 
it  passes  at  first  backwards  and  outwards,  and  then,  narrowing 
to  a  point,  converges  towards  its  fellow.  Its  roof  is  formed  by 
the  fibres  of  the  corpus  callosum   as  they  pass  backwards  and 


Fig.  283  —View  of   the   Lateral  Ventricles  from  Above  after  the  Removal  of  the 

Corpus  Callosum. 

I.  Corpus  striatum.  2.  Optic  thalamus.  3.  Tasnia  semicircularis.  4.  Fornix.  5.  Hippocam- 
pus minor.  6.  Hippocampus  major,  with  the  eminentia  collateralis  behind  it.  7.  The  cor- 
pus  callosum  (cut  through).     8.    Fifth  ventricle,     g.    Pes  Hippocampi.     10.    Choroid  plexus. 

outwards  from  the  splenium  ;  on  its  floor  are  seen  on  the  inner 
side  an  eminence,  the  hippocampus  minor  or  calcar,  and  external 
to  it  a  triangular  flat  surface,  called  the  pes  accessorius  or 
eminentia  collateralis.'^ 

The  middle  or  descending  horn  runs  into  the  temporo-sphe- 
noidal  lobe,  descends   towards  the  base  of  the  brain,  making  a 

*  The  posterior  horns  are  not  always  equally  developed  in  both  hemispheres, 
and  sometimes  they  are  absent  in  one  or  both. 

In  the  carnivora,  ruminantia  solipeda,  pachydermata,  and  rodentia,  the  lateral 
ventricles  are  prolonged  into  the  largely  developed  olfactory  lobes.  This  is  the 
case  in  the  human  fostns  at  an  early  period. 
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curve,  at  first  backwards  and  outwards,  then  downwards  and 
forwards,  and  lastly  inwards  ;  the  initial  letters  of  which  make 
the  memorial  word  "bodfi."  Its  roof  is  formed  by  the  fibres 
of  the  corpus  callosum,  partly  by  the  posterior  narrow  extremity 
of  the  corpus  striatum,  with  the  taenia  semicircularis,  and  the 
rounded  extremity  of  the  optic  thalamus.  On  its  floor  are  the 
hippocampus  major,  a  large  rounded  white  eminence  which  fol- 
lows the  curve  of  the  cornu ;  the  pes  Jiippocampi,  the  expanded 
paw-like  extremity  of  the  former  ;  the  eminentia  collateralis  on 
the  outer  side  of  the  hippocampus  major,  and  part  of  which  is 
seen  in  the  posterior  horn  ;  the  corpus  fibriatiim  of  the  fornix, 
attached  to  the  anterior    concave  border  of  the  hippocampus 


Fig.  286.  —  Transverse  Vertical  Section  through  the  Brain. 

I    Corpus  callosum.     2.    Lateral    ventricle.     3.   Third    ventricle.     4-    Corpus  striatum.     5.   Tha- 
lamus opticus.    6.  Corpus  mammillare.     7.   Choroid  plexus.    8.    Fornix.    9.   Pituitary  gland. 

major;  \.\\q fascia  dcntata,  a  crimped  edge  of  gray  matter  under 
the  corpus  fimbriatum  ;  the  choroid  plexus,  and  the  outer  part 
of  the  transverse  fissure. 

The  various  structures  seen  in  the  body  and  horns  of  the 
lateral  ventricle  will  be  described  later  on,  when  they  are  fully 
exposed. 

Appearance  on  Perpendicular  Section.  —  If  a  vertical 
transverse  section  is  made  across  the  middle  of  the  brain,  the 
lateral  ventricles  would  appear  as  represented  in  Fig.  286. 
Observe  that  the  roof  and  the  floor  arc  almost  in  actual  contact, 
unless  separated  by  ventricular  fluid.  Together  with  the  third 
or  middle  ventricle,  their  shape  slightly  resembles  the  letter  T. 
Such  a  section  shows  well  the  radiating  fibres  of  the  corpus 
callosum,    the  fornix,  and  the  velum   interpositum  beneath   it  ; 
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also  the  beginning  of  the  transverse  fissure  at  the  base  of  the 
brain,  between  the  crus  cerebri  and  the  temporo-sphenoidal  lobe. 
If  the  corpus  callosum  be  slightly  raised,  a  thin  vertical 
median  septum,  septem  liicidum,  will  be  seen,  extending  from 
the  under  aspect  of  this  body  to  the  upper  surface  of  the  fornix. 
Septum  Lucidum.  —  This  is  a  thin  and  almost  translucent 
partition  which  descends  vertically  in  the  middle  line  from  the 
under  surface  of  the  corpus  callosum,  and  separates  the  anterior 
part  of  the  lateral  ventricles  from  each  other.  It  is  attached 
above  to  the  callosum,  below  to  the  reflected  part  of  the  callo- 
sum and  fornix  (Fig.  284).      It  is  not  of  equal  depth  throughout. 

Its  broadest  part  is  in 
front  and  corresponds 
with  the  knee  {gemi)  of 
the  corpus  callosum.  It 
becomes  narrower  be- 
hind, tapering  to  a  thin 
point,  where  the  callosum 
and  the  fornix  become 
continuous.  The  septum 
consists  of  two  layers, 
which  enclose  a  space 
called  the  fifth  ventricle 
or  the  venti'icle  of  the  sep- 
tum (Fig.  285).  Each 
layer  consists  of  gray 
matter  inside  and  of 
white  matter  outside;  the 
former  representing  the 
cortical,  the  latter  the 
medullary  substance  of  the  brain.  The  cavity  is  not  lined  with 
epithelium,  as  is  the  case  with  those  ventricles  developed  from 
the  cerebral  vesicles.* 

Cut  transversely  through  the  callosum  about  its  middle,  with 
the  septum  lucidum,  and  turn  forwards  the  anterior  half.  In 
this  way  the  ventricle  of  the  septum  will  be  exposed.  By  turn- 
ing back  the  posterior  half  of  the  callosum  a  view  is  obtained  of 
the  fornix.     This  proceeding  requires  care,  or  the  fornix  will  be 

*  The  development  of  the  septum  lucidum  commences  about  the  fifth  month 
of  foetal  life,  and  proceeds  from  before  backwards, /a rz/«j«<  with  the  callosum 
and  the  fornix.  It  is  developed  from  the  lower  part  of  the  great  longitudinal 
fissure,  but  becomes  shut  off  from  it  in  the  process  of  development. 


Fig.  287.  —  Diagram  of  thb  Fornix. 

(The  arrow  is  passed  through  the  foramen  of  Monro.) 

,  I.  Corpora  striata.  2,2.  Thalami  optici.  3,3.  Ante- 
rior crura  of  fornix  bending  down  to  join  the  corpora 
mammillaria.  4.  4.  Posterior  crura  of  the  fornix  joining 
the  hipprcampi.  5,5.  Choroid  plexus.  6,6.  Hippo- 
campi majores.  7.  Corpus  callosum  cut  through. 
8.  Ventricle  of  septum  lucidum. 
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reflected  also,  since  these  two  arches  of  nerve-substanc-e  are 
here  so  closely  connected. 

Fornix.  — -The  fornix  is  a  layer  of  white  matter,  extending 
in  the  form  of  an  arch  (whence  its  name)  from  before  back- 
wards, beneath  the  callosum.  It  is  the  great  longitudinal  white 
commissure,  and  lies  over  the  velum  interpositum  (Fig.  287). 
Viewed  from  above,  it  is  triangular  with  the  base  backwards, 
and  is  called  the  body  ;  from  its  anterior  narrow  part  are  given 
off  the  tivo  anterior  crura,  and  from  its  posterior  and  outer  part 
the  tzvo  posterior  crura. 

The  body  is  the  broad  triangular  part  with  the  narrow  portion 
in  front.  The  posterior  broad  part  is  connected  with  the  callo- 
sum ;  in  front  of  this  it  arches  downwards,  so  as  to  leave  the 
callosum,  to  which,  however,  it  is  still  connected  by  the  septum 
lucidum.  Its  lateral  free  edges  rest  on  the  choroid  plexuses, 
and  are  seen  on  the  floor  of  the  lateral  ventricles. 

The  anterior  pillars  or  crura  proceed  from  the  front  narrow 
part  of  the  body,  one  on  each  side  of  the  mesial  line.  As  they 
pass  forwards  the  crura  diverge  slightly,  and  descend  through  a 
mass  of  gray  matter  in  the  sides  of  the  third  ventricle  towards 
the  base  of  the  brain,  where,  making  a  sudden  bend  upon  them- 
selves, they  form  the  corpora  mammillaria,  from  which  they 
may  be  traced  backwards  and  upwards,  each  to  the  anterior 
nucleus  of  the  optic  thalamus  of  its  own  side.  As  they  descend, 
the  anterior  crura  are  joined  by  the  peduncles  of  the  pineal  body, 
by  the  taenia  semicircularis,  and  by  fibres  from  the  septum  luci- 
dum. Immediately  behind  and  below  the  anterior  crura  is  a 
triangular  passage,  through  which  the  choroid  plexuses  of  op- 
posite sides  are  continuous  with  each  other.  This  aperture  is 
called  the  foramen  of  Monro.  Strictly  speaking,  it  is  not  a 
foramen,  but  only  an  interval  caused  by  the  anterior  crus 
arching  over  the  groove  between  the  striatum  and  thalamus  on 
each  side ;  it  establishes  a  communication  between  the  two  lat- 
eral and  third  ventricles,  and  is  in  shape  like  the  letter  Y,  the 
passage  from  each  lateral  ventricle  passing  downwards  and  in- 
wards, and  meeting  below,  to  be  continued  as  a  single  passage 
for  a  short  distance  before  opening  into  the  third  ventricle. 

The  posterior  pillars  or  crura  are  continued  downwards  and 
outwards  from  the  thickened  free  borders  of  the  body  of  the 
fornix,  and  are  at  first  connected  to  the  under  surface  of  the 
corpsus  callosum.  Each  leaves  the  body  at  the  posterior  and 
outer   angle  as  a  thin  flat  white  band  resting  on  the  choroid 
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plexus  and  the  pulvinar  of  the  thalamus,  and  curving  downwards 
and  outwards,  becomes  intimately  connected  with  the  concave 
border  of  the  hippocampus  major  as  far  down  as  the  pes  hippo- 
campi, gradually  tapering  to  a  point  at  its  termination.  The 
free  border  of  the  posterior  crus  is  known  as  the  tcEiiia  hippo- 
campi or  the  corpus  Jimbriatmn  ;  and  on  raising  this  up  we  ex- 
pose an  indented  layer  of  gray  matter,  the  fascia  dentata,  which 
is  the  free  border  of  the  cortical  substance  of  the  cerebrum.* 

The  fornix  should  now  be  cut  through  transversely,  and  its  two 
portions  reflected  backwards  and  forwards  respectively.  On 
the  under  surface  of  the  posterior  portion  are  seen  fibres,  pass- 
ing transversely,  belonging  to  the  callosum,  and  forming  what 
is  termed  the  lyra. 

Between  the  fornix  and  the  upper  surface  of  the  cerebellum 
is  the  transverse  fissure,  or  fissttre  of  Bickat,  through  which 
the  pia  enters  the  ventricles.  The  fissure  extends  from  the 
middle  downwards  on  each  side  to  the  base  of  the  brain,  as  far 
as  the  end  of  the  descending  horn.  It  is  of  a  horse-shoe  shape, 
with  the  concavity  directed  forwards.  The  upper  boundary  of 
that  part  of  the  transverse  fissure  which  extends  into  the 
middle  horn  is  sometimes  called  the  free  margin  of  the 
hemisphere. 

The  contents  of  the  lateral  ventricles  should  now  be  exam- 
ined more  in  detail. 

Corpus  Striatum.  —  The  corpus  striatum  is  so  called  be- 
cause, when  cut  into,  it  presents  alternate  layers  of  a  white  and 
gray  substance.  It  is  a  large  ovoid  mass  of  gray  substance, 
part  of  which  forms  an  eminence  in  the  body  of  the  lateral  ven' 
tricle  (the  intraventricular  portion) ;  but  the  larger  part  (extra- 
ventricular  portion)  is  embedded  in  the  white  substance  of  the 
cerebrum.  The  intraventricular  portion,  called  the  nucleus 
caudatus,  is  pear-shaped,  broad  in  front,  and  when  traced  back- 
wards is  found  to  taper  gradually  to  a  point  on  the  outside  of 
the  thalamus  (Fig.  288).  Its  surface  is  of  a  pinkish-gray 
color,  and  is  crossed  by  numerous  small  veins  {venae  corporis 
stiiati)  which  open  into  the  venae  Galeni.  When  a  horizontal 
cut  is  made  into  it,  it  shows  a  thin  layer  of  white  substance 
covering  a  mass  of  gray  streaked  with  white.  The  extraven- 
tricular  portion,  or  nucleus  lenticularis,  can  only  be  seen  on  a 

*  The  fornix  and  septum  lucidum  are  absent  in  fish;  they  are  merely  rudimen- 
tary in  reptiles  and  birds ;  but  all  mammalia  have  them  in  greater  or  less  perfec- 
tion, according  to  the  degree  of  development  of  the  cerebral  hemispheres. 
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horizontal  section  being  made  outwards ;  the  section  reveals 
a  biconvex  mass  of  gray  matter,  separated  from  the  nucleus 
caudatus  by  a  broad  band  of  white  substance,  the  internal 
capsule,  and  corresponds  with  the  island  of  Reil.  Running 
parallel  with  the  outer  border  of  the  nucleus  lenticularis,  but  sep- 
arated from  it  by  a  thin  layer  of  white  substance,  the  external 
capsule,  is  a  wavy  streak  of  gray  matter,  the  clanstrnm,  of  vari- 
able thickness.  Outside  the  claustrum  is  another  layer  of 
white  matter,  and  then  we  see  the  indented  convolutions  of  the 
island  of  Reil.  If  a  vertical  transverse  section  be  made  through 
the  nucleus  lenticularis,  it  appears  triangular  and  intersected  by 
two  white  lines,  which  divide  it  into  three  parallel  gray  bands. 
Beneath  the  lenticular  nucleus  is  a  mass  of  gray  matter,  called 
the  niiclens  amygdalae,  which  causes  an  elevation  at  the  apex 
of  the  roof  of  the  middle  horn. 

Taenia  Semicircularis. — The  tcejiia  semicircidaris,  or  stria 
tenninalis,  is  a  narrow  semi-transparent  band  of  longitudinal 
white  fibres,  which  lies  in  the  groove  between  the  striatum  and 
the  thalamus  (Fig.  288,  3).  In  front,  it  is  connected  with  the 
anterior  crus  of  the  fornix,  ind  descends  with  it  to  the  corpus 
mammillare  ;  it  passes  backwards  and  outwards,  and  behind  it 
is  lost  in  the  white  substance  of  the  middle  horn  of  the  lateral 
ventricle.  Several  veins  from  the  striatum  pass  underneath  the 
taenia  semicircularis  to  join  the  venae  Galeni.  The  upper  sur- 
face of  the  taenia  is  firmer  in  structure  than  its  deeper  part, 
and  is  called  the  horny  band  of  Tarinus. 

Hippocampus  Major.  — The  hippocampus  major  is  an  elon- 
gated convex  eminence  of  gray  matter,  covered  with  white,  and 
is  situated  in  the  posterior  part  of  the  descending  horn.  It 
extends  to  the  bottom  of  the  horn,  following  its  curve,  where 
it  becomes  somewhat  expanded  and  indented  on  the  surface,  so 
as  to  resemble  the  paw  of  an  animal,  whence  its  name,  pes. 
Attached  to  the  front  concave  border  of  the  hippocampus 
is  the  posterior  crus  of  the  fornix.  It  corresponds  to  the 
hippocampal  fissure,  which  itself  is  filled  with  gray  matter, 
which  forms  the  fascia  dentata. 

Hippocampus  Minor.  —  The  hippocampus  minor,  called 
also  calcar,  is  a  rounded  eminence,  smaller  than  the  preceding, 
occupying  the  inner  curved  wall  of  the  posterior  horn.  It  con- 
sists of  Wiiite  matter  externally,  and  corresponds  to  the  calcarine 
fissure.  Between  the  hippocampus  major  and  minor  is  a  tri- 
angular smooth  surface,  called  the  fcs  accessotius,  or  eminentia 
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collateralis,  and  is  found  in  the  posterior  and  the  descending 
horn.     This  corresponds  to  the  collateral  fissure. 

Velum  Interpositum  and  Choroid  Plexus.  —  The  vehim 
interposihmi  or  tela,  which  supports  the  fornix,  should  now  be 
examined.  This  is  a  double  layer  of  pia  which  penetrates  into 
the  ventricles  through  the  transverse  fissure,  beneath  the  pos- 
terior border  of  the  corpus  callosum,  as  shown  in  Fig.  288. 
The  shape  of  this  vascular  membrane  is  like  'that  of  the  fornix, 


Fig.  288.  —  View  of  the  Later ai.  Ventricles  and  the  Velum   Interpositum  after 
Reflecting  the  Fornix. 

I.  Anterior  horn.  2.  Corpus  striatum.  3.  Tania  semicircularis.  4.  Optic  thalamus.  5.  Velum 
interpositum,  with  the  vense  Galeni.  6.  Lyra.  7.  The  posterior  half  of  the  fornix  turned 
backwards.  S.  Hippocampus  minor.  9.  Hippocampus  major.  10,  Eminentia  collateralis. 
II.  Fifth  ventricle.     12.  Choroid  plexus. 

and  its  borders  project  beneath  that  body  and  form  the  red  con- 
voluted fringes  called  the  choroid  plexuses.  These  plexuses 
consist  almost  entirely  of  tortuous  ramifications  of  minute  blood- 
vessels, and  are  covered  with  v.ascular  villi.  The  villi  themselves 
are  covered  with  large  spheroidal  epithelial  cells.  In  front  the 
plexuses  communicate  with  each  other  through  the  foramen  of 
Monro ;  behind,  they  descend  into  the  middle  horns  of  the 
lateral  ventricles,  and  become  continuous  with  the  pia  at  the 
base  of  the  brain.     From  the  under  surface  of  the  velum  two 
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small  vascular  processes  are  prolonged  into  the  third  ventricle, 
forming  the  choroid  plexuses  of  that  cavity.  ' 

Vense  Galeni.  —  Along  the  centre  of  the  velum  run  two 
large  veins  called  vence  Galeni,  which  return  the  blood  from 
the  ventricles  into  the  straight  sinus. 

The  velum  inteqaositum,  with  the  choroid  plexuses,  must  now 
be  removed  to  expose  the  following  structures  shown  in  Fig. 
290  (p.  746)  : —  I.  A  full  view  of  the  optic  thalanws.  2.  Be- 
tween the  optic  thalami  is  the  third  ventricle,  a  deep  vertical 
fissure,  situated  in  the  middle  line.  3.  Behind  the  fissure  is 
the  pineal  body,  {epiphysis  cerebri)  a  vascular  structure,  about 
the  size  of  a  pea.  From  this  body  may  be  traced  forwards  two 
slender  white  cords,  called  its  pediDicles,  or  strice  pineales  — 
one  along  the  inner  side  of  each  optic  thalamus.  4.  Passing 
transversely  across  the  third  ventricle  are  three  commissures  — 
anterior,  middle,  and  posterior,  connecting  the  opposite  sides 
of  the  brain.  5.  Immediately  behind  the  epiphysis  are  four 
elevations,  two  on  each  side,  called  the  corpora  qiiadrigeniina,  or 
nates  and  testes.  6.  These  bodies  are  connected  with  the  cere- 
bellum by  two  bands,  one  on  each  side,  termed  the  processus  e 
cerebello  ad  cerebrum  or  ad  testes,  i.e.,  superior  pedjincles. 
7.  Between  these  cords  extends  a  thin  layer  of  gray  substance, 
called  the  valve  of  Vieussens,  beneath  which  lies  the  fourth 
ventricle. 

Thalamus  Opticus. — This,  called  also  \)aQ,  posterior  cerebral 
ganglion,  is  the  convex  oval  elevation  seen  immediately  be- 
hind the  striatum  and  taenia  scmicircularis.  Superficially  it 
is  covered  with  a  thin  layer  of  white,  but  internally  it  is  com- 
posed of  gray  substance.  The  under  surface  rests  upon  the 
tegmentum  of  the  crus  cerebri,  and  forms  part  of  the  roof  of 
the  middle  horn  of  the  lateral  ventricle ;  externally  it  is  bounded 
by  a  broad  band  of  white  substance  derived  from  the  crusta, 
which  forms  the  internal  capsule,  already  described.  Externally, 
the  thalamus  is  bounded  by  the  taenia  scmicircularis  ;  super- 
ficially, it  is  covered  by  the  choroid  plexus  and  the  fornix ; 
internally,  it  forms  the  lateral  boundary  of  the  third  ven- 
tricle, and  has,  running  along  it,  the  peduncle  of  the  pineal 
body  ;  posteriorly,  it  overlaps  the  sides  of  the  corpora  quadrige- 
mina,  and  forms  a  prominence  in  the  roof  of  the  middle  horn, 
where  it  receives  the  crus  cerebri.  The  upper  surface  of  the 
thalamus  is  divided  into  two  portions  by  an  oblique  shallow 
groove,  passing  from  before  backwards  ;  the  anterior  and  outer 


744  COMMISSURES    OF    THE    THIRD    VENTRICLE. 

portion  forms  a  prominent  convex  surface,  called  the  anterior 
tubercle,  which  is  covered  with  the  epithelium  of  the  lateral 
ventricle  ;  the  posterior  and  inner  portion  is  pointed  in  front, 
and  posteriorly  enlarges  to  form  a  pointed  rounded  eminence, 
tho.  posterior  tubercle  or  pulvina?',  dind  is  not  lined  with  epithe- 
Hum.*  Beneath  the  posterior  part  of  the  thalamus  are  two 
small  oval  eminences,  termed  the  corpora  gejiiculata,  internitm 
and  externum.  These  consist  of  small  accumulations  of  gray 
matter,  beneath  the  white  ;  the  outer  one  being  situated  external 
to  and  above  the  internal,  and  to  the  outer  side  of  one  of  the 
roots  of  the  optic  tract  (Fig.  280,  p.  72^).  From  each  of  these 
bodies  proceeds  a  white  band  to  join  the  root  just  referred  to, 
and  from  the  junction  of  these  three  roots  {bracJiia)  the  optic 
tract  has  its  commencement.  A  narrow  band  of  white  sub- 
stance connects  the  external  one  with  the  nates,  and  a  similar 
band  connects  the  internal  one  with  the  testes.f 

Third  Ventricle.  —  The  tJiird  ventricle  is  the  long,  narrow 
fissure  between  the  thalami,  and  reaches  down  to  the  base 
of  the  brain.  Its  roof  is  formed  by  the  fornix  and  the  velum 
interpositum,  the  under  aspect  of  which  is  lined  by  the  epithe- 
lium covering  the  general  ventricular  cavities,  and  is  reflected 
from  the  velum  and  choroid  plexuses  on  to  the  thalami ;  the 
floo7',  which  increases  in  depth  in  front,  is  formed  by  certain 
parts  at  the  base  of  the  brain,  found  within  the  interpedun- 
cular space,  viz.,  the  locus  perforatus  posticus,  corpora  mam- 
millaria,  tuber  cinereum,  infundibulum,  and  lamina  cinerea,  all 
of  which  are  best  seen  in  a  vertical  section  (Fig.  291).  In 
front,  it  is  bounded  by  the  anterior  crura  of  the  fornix  and  the 
anterior  commissure ;  laterally,  by  the  thalami  and  the  pedun- 
cles of  the  pineal  body  ;  behind,  by  the  posterior  commissure 
and  the  iter  e  tertio  ad  qiiartum  ventriculwn,  or  aqueduct  of 
Sylvius,  which  is  a  long  canal  beneath  the  corpora  quadrigemina, 
connecting  the  third  with  the  fourth  ventricle. 

Commissures.  —  Passing  across  the  third  ventricle  are  seen 
three  commissures,  the  anterior,  middle,  and  posterior. 

Middle.  —  The  middle  conimissiire  may  be  seen  by  gently 
separating  the  optic  thalami,  and  is  about  half  an  inch  (/J  ;;/;«.) 
in  breadth.     This  is  composed  entirely  of  gray  substance,  and, 

*  There  is  a  triangular  depression  between  the  pulvinar  and  the  peduncle  of 
the  pineal  body,  which  has  received  the  name  of  the  trigotium  habemilce. 

t  These  bands  are  faintly  marked  in  man,  but  are  more  apparent  in  the  lower 
animals. 
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in  most  brains,  owing  to  its  softness,  is  generally  torn  before  it 
can  be  examined.* 

Anterior.  —  The  anterior  coiiimiss2ire  is  a  round  white  cord, 
which  lies  immediately  in  front  of  the  anterior  crura  of  the 
fornix,  and  connects  the  corpora  striata.  This  commissure  may 
be  traced  on  each  side  through  the  corpora  striata,  below  the 
nuclei  lenticulares,  extending  backwards  far  into  the  temporo- 
sphenoidal  lobes. 
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Fig.  289. '—Vertical  Skction  Through  the  Corpus  Callosum,  and  Parts  Below. 

Posterior.  —  Situated  immediately  in  front  of,  and  rather 
below  the  pineal  body,  is  another  thin  round  white  cord  called 
\\\Q.  posterior  commissure.  Its  fibres  pass  into  the  substance  of 
the  hemispheres  and  connect  the  optic  thalami.  Its  fibres  are 
derived  from  the  fillet  which  comes  from  the  tegmentum  of  the 
crus  cerebri. 


*  The  soft  commLssure  does  not  appear  to  he.  a  very  es.sential  constituent  part 
of  the  brain.  It  is  not  found  before  the  ninth  month  of  ftttal  life,  and  in  some 
instances,  according  to  our  observations,  is  never  developed.  Wenzel  states  that 
it  is  absent  in  about  one  out  of  seven  subjects  {Dc  pf>iitiori  Struct.  Cerebri  Horn. 
et  Brut.     Tubingen,  181 2). 
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The  third  ventricle  communicates  with  the  lateral  ventricles 
by  the  two  openings  of  the  foramina  of  Monro,  with  the  fourth 
ventricle  through  the  iter  e  tertio  ad  quartum  ventriculum,  and 
in  front  of  its  floor  by  a  conical  cavity,  iter  ad  inftindibulum, 
with  the  infundibulum. 

The  third  ventricle  is  covered  with  an  epithelial  lining  con- 
tinuous with  that  of  the  lateral  ventricles  through  the  foramina 


Corpus  callosum  cut  through. 
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of  Monro  ;  after  covering  the  walls  of  the  third  ventricle  it  lines 
the  aqueduct  of  Sylvius  to  pass  to  the  fourth  ventricle. 

Pineal  Gland  or  Epiphysis  Cerebri.  —  The  pineal  body  is 
a  very  vascular  oval  body,  situated  immediately  in  front  of  the 
corpora  quadrigemina  (Fig.  290).  It  is  about  the  size  of  a 
cherry-stone,  and  is  firmly  connected  with  the  under  surface  of 
the  velum,  and  is  apt  to  be  separated  from  its  normal  position 
when  that  membrane  is  reflected.  It  is  connected  to  the  cere- 
brum by  two  white  crura,  the  peduncles  of  the  pineal  gland. 
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which  extend  forwards,  one  on  the  inner  side  of  each  optic 
thalamus  along  their  upper  margin,  and  terminate  by  joining 
the  anterior  crura  of  the  fornix.  The  peduncles  join  together 
behind  in  front  of  the  pineal  body,  and  are  connected  with  the 
front  of  the  posterior  commissure. 

The  pineal  body  consists  of  numerous  small  follicles  filled 
with  cells,  which  are  separated  by  connective  tissue,  so  that  in 
structure  it  much  resembles  that  of  the  anterior  lobe  of  the 
pituitary  body.  In  its  interior  it  contains,  besides  some  viscid 
fluid,  more  or  less  gritty  particles  {acervidus  cerebri),  consisting 
of  phosphate  and  carbonate  of  lime,  and  phosphate  of  magnesia 
and  ammonia.  Besides  the  calcareus  particles,  these  follicles 
contain  corpora  amylacea  ;  and,  when  abundant,  this  sabulous 
matter  is  found  on  the  peduncles  of  the  pineal  body. 

The  pineal  body  is  larger  in  the  female  than  in  the  male  sub- 
ject, and  is  largest  of  all  in  the  child.  It  is  found  in  all  mam- 
malia, birds,  and  reptiles,  in  the  same  typical  position,  but  its 
functions  are  entirely  unknown. 

Corpora  Quadrigemina.  —  The  corpora  qiiadrigemina  are 
four  round  eminences,  situated  two  on  each  side,  behind  the 
pineal  gland,  and  are  separated  from  each  other  by  a  crucial 
depression.  Though  white  on  their  surface,  they  contain  gray 
matter  in  their  interior  for  the  purpose  of  giving  origin  to  the 
optic  tract.  Laterally,  they  are  continued  outwards  as  two 
convex  white  cords,  the  anterior  and  posterior  bracJiia.  The 
anterior  brachium  passes  between  the  corpora  geniculata,  and  is 
continued  on  into  the  optic  tract,  of  which  it  may  be  considered 
its  direct  root ;  the  posterior  brachium  passes  forwards  and  out- 
wards, and  is  lost  beneath  the  corpus  geniculatum  internum. 
They  are  situated  above  the  iter  e  tertio  ad  quartum  ventri- 
culum.  The  anterior  pair  are  called  the  nates,  and  are  larger 
and  darker  than  the  posterior  pair,  which  take  the  name  of 
testes.  A  more  appropriate  term  for  these  bodies  would  be  the 
optic  lobes.* 

The  corpora  quadrigemina  are  developed  very  early  in  foetal 
life,  and  are  at  first  only  two  in  number,  one  on  each  side  of  the 

*  Eminences  homologous  to  the  corpora  quadrigemina  are  found  in  all  verte- 
brate animals;  they  are  the  mesocephalic  lobes;  they  always  give  origin  to  the 
optic  nerves,  and  their  size  bears  a  direct  relation  to  the  power  of  sight.  They  are 
relatively  smaller  in  man  than  in  any  other  animal.  In  birds  there  are  only  two 
eminences,  and  these  are  very  large,  especially  in  those  far  seeing  birds  which  fly 
high,  as  the  eagle,  falcon,  vulture,  etc.,  who  require  acute  sight  to  discern  their 
prey  at  a  distance. 
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mesial  line ;  but  about  the  seventh  month  a  transverse  groove 
is  apparent,  thus  mapping  out  the  four  bodies.* 

Processus  e  Cerebello  ad  Cerebrum.— By  gently  drawing 
back  the  overlapping  cerebellum,  two  broad  white  cords  are 
seen,  which  pass  backwards,  diverging  from  each  other,  from 
the  optic  thalami  and  the  corpora  quadrigemina  to  the  cere- 
bellum (Fig.  290),  These  are  the  processus  e  cerebello  ad  cere- 
brum, or  superior  peduncles  of  the  cerebellum.  They  connect 
the  cerebrum  and  cerebellum,  and  rest  upon  the  crura  cerebri. 
Below  they  pass  to  the  inferior  vermiform  process,  and  to  the 
white  matter  within  the  corpus  dentatum. 

Valve  of  Vieussens. — The  triangular  space  between, the 
superior  peduncles  is  occupied  by  a  thin  layer  of  gray  matter, 
which  covers  over  the  anterior  part  of  the  fourth  ventricle.  This 
layer  is  called  'Cixo.  valve  of  Vieussens,  or  the  anterior  ov  superior 
medullary  velum ;  it  is  narrow  in  front  and  broad  posteriorly, 
where  it  is  connected  with  the  central  portion  of  the  cerebellum. 
Along  the  mesial  line  of  its  upper  surface  there  is  an  irregular 
ridge,  \.h.Q  frcBnulum,  which  becomes  lost  towards  its  lower  part ; 
the  lower  part  is  overlapped  by  a  corrugated  lobule  of  gray 
matter  from  the  anterior  part  of  the  cerebellum,  and  is  called 
the  linguetta  laminosa. 

Iter  e  Tertio  ad  Quartum  Ventriculum,  or  Aqueduct  of 
Sylvius.  —  The  third  ventricle  is  connected  with  the  fourth  by 
a  canal  (Fig.  289)  large  enough  to  admit  a  probe,  which  runs 
downwards  and  backwards  beneath  the  posterior  commissure 
and  the  corpora  quadrigemina.  It  is  about  half  an  inch 
(/j*  mm.)  in  length,  and  its  shape  varie£  in  different  parts  of  its 
course ;  in  the  lower  being  T-shaped,  and  in  the  upper  part 
shield-shaped,  on  transverse  section.  In  its  walls  is  a  large 
amount  of  gray  matter,  in  which  are  the  nuclei  of  origin  of  the 
third,  fourth,  and  upper  part  of  the  fifth  cranial  nerves.  It  is 
lined  with  ciliated  columnar  epithelium.  This  passage,  together 
with  the  third  and  fourth  ventricles,  are  persistent  parts  of  the 
central  canal,  which  in  early  foetal  life  extended  down  the  mid- 
dle of  the  cerebro-spinal  axis.     It  subsequently  becomes  much 


*  On  making  a  transverse  vertical  section  througli  the  nates,  we  find  that  there 
is  a  superficial  thin  layer  of  white  fibres  (stratum  zonale)  ;  beneath  this  is  a 
crescentic  layer  of  gray  matter  (stratum  cinerejim)  ;  deeper  than  this  is  a  thick 
biconvex  mass  of  gray  matter,  with  nerve  filaments  and  nerve  cells  (stratum 
opticum) ;  and  lowest  of  all  is  an  arched  layer  of  white  nerve  fibres  derived  from 
the  fillet  (stratum  lemnisci). 
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encroached  upon  by  the  large  increase  of  gray  substance  in  the 
process  of  development. 

Fourth  Ventricle. — The  fourth  ventricle  is  the  space  situ- 
ated between  the  cerebellum  behind  and  the  posterior  surface 
of  the  medulla  oblongata  and  pons  Varolii  in  front.  It  is  the 
dilated  portion  of  the  primordial  canal  alluded  to  in  the  last 
paragraph.  If  viewed  in  a  vertical  section,  as  represented  in 
the  diagram  (Fig.  289),  it  appears  triangular,  with  its  base  for- 
wards ;  but  if  seen  from  behind,  it  is  a  lozenge-shaped  space, 
the  long  axis  being  antero-posterior  (Fig.  291). 

The  upper  wall  or  roof  of  the 
fourth  ventricle  is  formed  by 
the  valve  of  Vieussens,  and  by 
the  front  of  the  inferior  vermi- 
form process,  with  the  two  amyg- 
dalae ;  laterally  it  is  bounded, 
in  front  by  the  processus  e  cere- 
bello  ad  cerebrum,  and  behind 
by  the  diverging  restiform 
bodies  ;  belozv,  by  the  continua- 
tion of  the  arachnoid  on  to  the 
posterior  surface  of  the  spinal 
chord,  in  which  there  is  an 
aperture  called  the  foramen  of 
Magcndie ;  in  front  its  floor 
is  formed  by  the  medulla  ob- 
longata and  pons  Varolii.  The 
pia  is  prolonged  for  a  short  dis- 
tance into  the  lower  part  of  the 
cavity,  and  forms  choroid  plexus 
of  the  fourth  ventricle  or  metatela. 

The  anterior  wall  is  diamond-shaped,  pointed  above  and  be- 
low, while  laterally  the  space  broadens  out  into  an  angular 
point,  between  the  cerebellum  and  the  medulla,  called  the  lat- 
eral recess.  Below,  the  ventricle  is  bounded  by  the  restiform 
bodies  and  the  clava,  the  former  diverging  like  the  branches  of 
the  letter  V  to  form  the  itifer  ior  peduncles  of  the  cerebellum  ; 
the  divergence  of  these  cords,  with  the  median  fissure,  was 
called  by  the  older  anatomists  the  calamus  scriptorius,  from  its 
fancied  resemblance  to  a  writing  pen.  At  the  termination  of 
the  posterior  pyramid  there  is  a  slight  overhanging  thickening 
turning  over  the  restiform  body  at  the  lateral  recess,  of  which 


Fig.  291.  —  Floor  op  the  Fourth 
Ventricle. 

Processus  e  cerebello  ad  cerebrum,  b. 
Restiform  bodies,  c.  Fasciculi  graciles.  d. 
Fasciculus  teres,  externally  is  the  fovea 
superior,  e.  Medullary stri.-E.  f.  Fasciculus 
teres,  g.  Tuberculum  acusticum.  h.  Fovea 
inferior,     i.  Cerebellum. 
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it  forms  the  lateral  boundary ;  it  is  called  the  ligula  or  tcenia. 
We  find  also  a  similar  thickening,  partly  of  the  lining  mem- 
brane and  partly  of  nerve-matter,  arching  over  the  apex  of  the 
calamus  scriptorius,  known  as  the  obex. 

Th.Q.Jioor,  formed  by  the  posterior  surface  of  the  medulla  and 
pons,  is  marked  by  a  median  groove  passing  from  the  apex  of 
the  calamus  scriptorius  to  the  iter.  It  is  divided  into  two  por- 
tions, a  lower  and  an  upper,  by  some  transverse  white  fibres 
called  the  strice  acusticcB  or  medidlares,  which  emerge  from  the 
median  groove  and  pass  outwards  over  the  inferior  cerebellar 
peduncle  to  join  part  of  the  roots  of  the  auditory  nerves.  The 
lower  part  of  the  floor,  on  each  side,  is  mapped  out  into  three 
surfaces  by  a  triangular  depression, /(jz/^^a:  i7iferior  (Fig.  291,  H)y 
having  its  apex  at  the  transverse  striae,  and  its  base  below  at 
the  posterior  pyramids.  On  the  outer  side  of  the  fovea  there  is 
a  convex  triangular  surface,  with  its  base  upwards  (Fig.  291,^), 
called  the  tuberculum  aciisticiim  ;  on  the  inner  side  of  the  fovea 
and  bounded  internally  by  the  median  groove,  is  the  rounded 
triangular  surface  which  marks  the  commencement  of  the/«j«- 
cilIus  teres.  Towards  the  base  of  the  inferior  fovea  there  is  a 
dark  surface  of  gray  matter  called  the  ala  cinerea,  which  be- 
comes raised  into  an  eminence  {eminentia  cinered). 

The  upper  part  of  the  fourth  ventricle  is  that  portion  be- 
tween the  acoustic  striae  and  the  iter  e  tertio  ad  quartum 
ventriculum.  The  median  groove  is  still  continued  upwards, 
although  it  becomes  fainter,  and  on  each  side  of  it  is  the  paral- 
lel rounded  eminence,  the.  fascic7iliis  teres.  Outside  this  fasci- 
culus is  a  triangular  depression,  \hQ  fovea  superior ;  and  passing 
upwards  under  cover  of  the  superior  cerebellar  peduncle,  we. 
notice  a  depression  of  gray  substance,  called  the  loczis  ccendeus. 

The  lower  part  of  the  fourth  ventricle  is  developed  from  the 
metencephalic,  the  upper  part  from  the  epencephalic  portion  of 
the  posterior  primary  vesicle.* 

Structure  of  the  Cerebrum.  — The  white  substance  of  the 
cerebrum  consists  of  medullated  fibres,  which  are,  as  a  rule, 
smaller  than  those  in  the  spinal  cord. 

The  general  arrangement  of   the  fibres   may  be    classified 


*  Tiedemann  proposed  to  call  the  fourth  ventricle  the  first,  because  in  the 
foetus  it  is  formed  sooner  than  any  of  the  others ;  because  it  exists  in  all  verte- 
brated  animals,  whereas  the  lateral  ventricles  are  absent  in  all  osseous  fishes ;  and 
because  the  ventricle  of  the  septum  lucidum  is  absent  in  all  fishes,  in  reptiles,  and 
in  birds. 
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under  three  heads:  (i)  The  diverging  or  peduncular  fibres; 
(2)  The  transverse  commissural  fibres  ;  and  (3)  The  longitudinal 
fibres. 

The  diverging  or  peduncular  fibres  are  derived  partly  from 
the  crusta  and  partly  from  the  tegmentum  of  the  crus  cerebri. 
Those  from  the  crusta  pass  forwards  and  outwards  between  the 
nucleus  caudatus  and  nucleus  lenticularis  with  the  internal  cap- 
sule ;  and  in  front  of  the  ganglia  the  fibres  radiate  outwards  in 
all  directions,  called  the  corona  radiata.  Most  of  these  fibres 
pass  indirectly  to  the  cortical  portion  of  the  cerebrum  ;  some 
proceed  direct  to  the  cortex,  through  the  gray  ganglionic  struc- 
ture, amongst  which  are  the  pyramidal  tract,  passing  to  the 
gray  matter  in  the  neighborhood  of  the  fissure  of  Rolando,  and 
the  direct  sensory  tract  to  the  cortex  of  the  occipital  lobe.  The 
fibres  from  the  tegmentum  are  joined  by  others  from  the  pro- 
cessus e  cerebello  ad  cerebrum,  and  the  corpora  quadrigemina, 
and  pass  under  the  optic  thalamus,  and  probably  through  this 
body,  and  radiate  outwards,  joining  the  corona  radiata  to  pro- 
ceed to  the  teraporo-sphenoidal,  post-parietal,  and  occipital 
lobes. 

The  transverse  commissural  fibres  connect  the  two  hemis- 
pheres, and  are  the  corpus  callosum,  the  anterior  and  posterior 
commissures. 

The  longitudinal  fibres  consist  of  the  fornix,  the  striae  longi- 
tudinales  of  the  corpus  callosum,  the  taeniae  semicirculares, 
the  gyrus  fornicatus,  the  gyrus  uncinatus,  and  the  peduncles  of 
the  pineal  body. 

PONS    VAROLII. 

The  Pons  (bridge),  variously  named  the  bridge  of  Varoleus  or 
Tuber  annulare  (circular  protuberance),  is  that  portion  of  the 
encephalic  mass  derived  from  the  fourth  cerebral  vesicle,  con- 
nects the  hemispheres  of  the  cerebellum,  and  surrounds  the 
crura  cerebri.  It  is  a  broad  transverse  white  band  of  nervous 
tissue  situated  above  the  level  of  the  ventral  surface  of  the 
medulla,  and  rests  upon  the  cranial  surface  of  the  basilar  pro- 
cesses of  the  occipital  and  sphenoid  bones,  extending  as  high 
as  the  dorsum  ephippi  of  the  latter.  It  is  composed  of  white 
and  gray  matter,  and  presents  a  superior  and  inferior  margin,  a 
ventral  and  dorsal  surface. 

The  superior  margin  is  rounded  higher  mesially  than  laterally. 
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and  from  its  junction  with  the  postcribrium  emerges  the  third 
cranial  nerves ;  laterally  the  fourth  cranial  nerves  are  super- 
imposed. 

The  inferior  margin  is  thinner  than  the  superior,  and  sepa- 
rated from  the  medulla  by  a  horizontal  fissure  in  which  are 
located  the  emergence  of  the  sixth,  seventh,  and  eighth  cranial 
nerves. 

The  ventral  surface  is  markedly  convex,  and  presents  a  verti- 
cal groove  which  receives  the  basilar  artery.  Laterally  to  this 
groove  are  seen  rounded  longitudinal  elevations  made  by  the 
crura  cerebri  covered  by  the  pons.  As  this  ventral  surface 
proceeds  it  narrows  vertically  and  thickens  horizontally  to 
form  the  middle  cerebellar  peduncles,  and  from  it  emerge  the 
fifth  cranial  nerves. 

The  dorsal  surface  is  ill-defined,  and  forms  part  of  the  fourth 
ventricle,  and  is  in  contact  with  cerebral  peduncles  and  still 
more  dorsally  the  superior  cerebellar  peduncles  {processus  e 
cefebello  ad  testis).  Between  these  latter  peduncles  is  the 
upper  half  of  the  floor  of  the  fourth  ventricle,  which  will  be 
described  later. 

On  the  transverse  section,  the  pons  is  divided  into  two  por- 
tions, a  ventral  portion  and  a  dorsal  portion.  The  former 
contains  the  proper  transverse  fibres  of  the  pons  and  pyramidal 
fibres  of  the  medulla  continued  upwards ;  the  latter,  called  the 
tegmentum,  is  a  continuation  upwards  of  the  spinal  cord  and 
the  medulla  with  the  exception  of  the  pyramidal  tracts.  These 
transverse  and  longitudinal  fibres  each  may  be  divided  into 
superficial  and  deep  fibres. 

Transverse  Fibres.  —  The  superficial  fibres  are  visible  on 
the  surface  of  the  pons,  deep  transverse  fibres  are  dorsad  to  the 
superficial  longitudinal  fibres,  and  at  the  lower  part  of  the  pons 
near  the  medulla  a  special  name  is  given  to  them  owing  to  their 
arrangement ;  it  is  the  trapezium.  Some  of  these  transverse 
fibres  in  addition  to  uniting  the  cerebellar  hemispheres  act  as 
commissural  fibres,  others  connect  nuclei  in  the  pons. 

Longitudinal  Fibers.  —  The  superficial  longitudinal  fibers 
are  found  to  be  a  continuation  of  the  anterior  pyramids  placed 
in  the  superficial  transverse  fibres  of  the  pons.  The  deep 
longitudinal  fibres  are  placed  near  the  dorsal  aspect  of  the  pons, 
which  is  made  up  of  the  formatio  reticularis  and  the  prolonga- 
tion of  the  gray  matter  of  the  medulla.  Three  sets  of  longitu- 
dinal fibres  can  be  seen,  the  lemniscus  or  fillet,  of  the  sensory 


THE    CEREBELLUM.  753 

decussating  fibres,  posterior  longitudinal  bundles  continued 
from  the  ventro-lateral  column  of  the  cord  ;  and  the  fasciculus 
teres  seen  on  the  floor  of  the  fourth  ventricle  and  the  fibres  of 
the  fifth  nerve.  The  ascending  roots  of  the  fifth,  fibres  of  the 
sixth,  and  the  pars  intermedia  of  the  facial,  and  finally  some 
fibres  of  the  eighth  nerves.  The  fasciculus  teres  as  mentioned 
above  being  a  slight  network  of  fibres  in  the  tegmental  part  of 
the  pons  ;  the  raphe  is  placed  as  a  mesial  septum  continued  from 
the  median  groove  in  the  floor  of  the  fourth  ventricle  with  the 
trapezuun.  The  gray  matter  of  the  pons  consists  of  the  pon- 
tine nucleus,  the  superior  olivary  nucleus,  and  the  arrangement 
of  the  fifth,  sixth,  seventh,  and  eighth  cranial  nerves  and  the 
locus  caeruleus.  The  nucleus  ponti,  or  pontine  nucleus  situated 
on  the  ventral  aspect  under  its  transverse  fibres  and  may  be 
described  as  a  number  of  cells  which  can  be  traced  from  the 
cerebrum  and  from  the  cerebellum.  The  olivary  nucleus  is 
situated  behind  the  trapezium  on  the  dorsal  part  of  the  pons, 
and  corresponds  to  the  prolongation  of  the  lateral  area  of  the 
medulla.  The  lucus  coeruleus  will  be  described  in  the  floor  of 
the  fourth  ventricle. 


THE   CEREBELLUM. 

The  cerebellum  is  that  portion  of  the  encephalon  situated  in 
the  occipital  fossa,  beneath  the  posterior  lobes  of  the  cerebrum, 
from  which  it  is  separated  by  the  tentorium.  It  measures  in 
its  transverse  diameter  from  three  and  a  half  to  four  inches 
(8.8  to  lo  cm.)  ;  in  its  antero-posterior  diameter  two  to  two  and 
a  half  inches  (5  to  6.3  cm.),  and  two  inches  (5  cm.)  in  its  verti- 
cal diameter.  Its  form  is  ellipsoidal,  with  the  long  axis  trans- 
verse. When  the  arachnoid  and  the  pia  are  removed,  it  is 
noticed  that  its  surface  is  darker,  and  not  arranged  in  tortuous 
convolutions  like  those  of  the  cerebrum.  It  is  covered  exter- 
nally with  gray  matter,  and  consists  of  a  multitude  of  thin  lami- 
nae disposed  in  a  series  of  nearly  parallel  concentric  curves,  with 
the  concavity  forwards.  By  a  little  dissection  it  is  easy  to 
separate  some  of  the  laminae  from  each  other,  and  to  see  that 
the  intervening  fissures  increase  in  depth  from  the  centre 
towards  the  circumference. 

The  cerebellum  consists  of  two  lateral  hemispheres  united  by 
an  intermediate  portion,  the  vermiform  process  {the  worm),  the 
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upper  aspect  of  which  takes  the  name  of  the  superior  vermiform 
process,  the  inferior  that  of  the  inferior  vermiform  process.  Com- 
parative anatomy  proves  that  this  is  the  fundamental  part  of 
the  cerebellum,  the  lateral  masses  not  being  developed  in  the 
vertebrate  series  until  after  the  birds.  In  man  the  lateral 
masses  form  by  far  the  largest  part  of  the  cerebellum. 

The  two  hemispheres  are  separated  by  a  notch  anteriorly, 
called  the  incisura  eerebelli  anterior ;  this  notch  lodges  the 
pons.     Posteriorly  the  hemispheres  are  separated  by  the  incisura 

eerebelli  posterior,  which  re- 
ceives the  falx  eerebelli. 

The  hemispheres  are  di- 
vided into  a  superior  and 
inferior  surface  by  a  fissure 
called  the  great  horizontal 
fissure.  This  fissure  ex- 
tends entirely  around  the 
cerebellum,  beginning  in 
front  of  the  incisura  eere- 
belli anterior  and  passing 
around  the  lateral  margin 
of  the  hemisphere  to  the 
incisura  eerebelli  posterior. 
The  fissure  not  only  divides 
the  hemispheres,  but  also 
the  vermiform  process  into  a  superior  and  an  inferior  surface. 

The  SUPERIOR  SURFACE  of  the  cerebellum  slopes  on  each  side, 
having  a  ridge  along  the  middle  line  called  the  superior  vermi- 
form process  (superior  worm).  This  surface  is  traversed  by 
numerous  small  fissures  or  salci,  extending  from  the  great  hori- 
zontal fissure  of  one  hemisphere  to  a  corresponding  point  on 
the  opposite  side,  including,  of  course,  the  superior  surface  of 
the  worm.  These  fissures  are  concave,  with  their  concavity 
looking  forward.  Besides  the  small  fissure  there  are  four  large 
ones  ;  these  latter  divide  the  surface  into  five  lobes,  i.e.,  five  in 
each  of  the  hemispheres  and  five  in  the  superior  vermiform 
process,  the  lobes  of  the  latter  lying  between  the  two  corre- 
sponding lobes  of  the  former.  They  are  from  before  backwards  : 
the  lingtila,  lying  between  the  tivo  frcenula ;  the  lobiUus  cer- 
ebralis,  on  each  side  of  which  is  the  alae ;  the  culmen,  which  has 
on  each  side  the  anterior  crescentic  lobules  ;  the  declive  and  the 
posterior  crescentic  lobules  :    lastly  the  folimn  cacimtenis  and 


Fig.  292. — Superior  Surface  of  the  Cekebkllum. 

i  c  s.  Incisura  eerebelli  anterior,  icp.  Incisura  eere- 
belli posterior,  as  ox  I q.  The  anterior  superior  or 
quadrate  lobe,  p  s.  The  posterior  superior  lobe. 
/  z.  The  posterior  inferior  lobe.  hf.  The  great 
horizontal  fissure.  Ic.  The  lobulus  centralis,  inc. 
Monticulus  eerebelli.    c  s.  Commissura  simplex. 
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the  posterior  superior  lobule,  extending  backward  to  the  great 
horizontal  fissure. 

The  UNDER  SURFACE  of  the  cerebellum  shows  the  division  into 
the  hemispheres  very  clearly.  The  deep  fissure  between  the 
hemispheres  is  called  the  volecjila,  the  front  part  of  which  is 
covered  by  the  medulla.  To  examine  the  volecula  the  medulla 
must  be  removed  and  the  hemispheres  separated  from  each 
other.  Along  the  middle  line  of  the  volecula  is  the  iufeiior 
vermiform  process  (the  inferior  worm).  This  surface  of  the 
cerebellum  is  divided  into  lobules,  just  as  is  the  superior  sur- 
face. Their  arrangement  from  behind  forward  is  as  follows  : 
The  tuber  vahuile  is  the  most  posterior  of  the  lobes  of  the 


Fig.  293.  —  Inferior  Surface  of  the  Cerebellum. 

A.  The  amygdala.  Bi.  The  bi ventral  lobe.  G.  The  slender  lobe.  Pi.  The  posterior  inferior  lobe. 
hf.  The  great  horizontal  fissure.  Ji.  The  flocculus,  n.  The  nodule  situated  in  the  vallecula. 
K.  The  uvula  situated  in  the  vallecula,    p.  The  pyramid  situated  in  the  vallecula. 

worm,  and  on  each  side  is  \.\\q  posterior  inferior  lobule  ;  in  front 
of  this  is  the  pyramid  with  the  digastric  lobes  on  each  side. 
Next  is  the  uvula,  connected  on  each  side  by  the_/>^rr<?wtW  band 
with  the  amygdala  (tonsil).  The  most  anterior  is  the  nodulas, 
on  each  side  of  which  is  seen  the  flocculus ;  passing  between 
these  is  the  inferior  medullary  velum  or  metatela. 

At  the  anterior  extremity  of  the  cerebellum  may  be  seen  a 
mass  of  white  matter  escaping  between  the  edges  of  the  great 
horizontal  fissure.  If  it  be  examined  closely  this  will  be  seen 
to  consist  of  a  superior  and  an  inferior  layer.  The  inferior 
layer  is  very  thin,  passes  dorsal  to  the  nodule  and  outward  to 
the  flocculus  ;  it  is  called  the  inferior  medullary  velum.     The 
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anterior  margin  of  this  layer  is  concave,  and,  although  appar- 
ently free,  it  can  be  traced  in  the  epithelium  covering  the  cho- 
roid plexus.  The  superior  is  much  thicker  than  the  inferior  ; 
the  lateral  extremity  of  this  layer  is  much  thicker  than  the 
central  portion.  This  latter  portion  extends  forward  to  the 
cerebrum,  and  is  called  the  valve  of  Vieussens  or  superior  medul- 
lary velum.  At  the  point  where  the  valve  of  Vieussens  over- 
lies the  central  portion  of  the  inferior  medullary  velum  is  a 
cleft  called  the  tent,  from  its  pointed  appearance.  The  tent  is 
bounded  laterally  by  the  two  amygdali.  The  lateral  portion  of 
this  white  matter,  as  before  stated,  is  much  thicker  than  the 
central  part,  and  is  composed  of  the  three  peduncles  of  the 
cerebellum.  The  cerebellum  is  connected  with  the  cerebro- 
spinal axis  by  the  peduncles  or  crura,  a  superior,  a  middle,  and 
an  inferior.  With  medulla  it  is  connected  by  means  of  the 
restiform  bodies.  These  are  called  the  inferior  peduncles. 
With  the  cerebrum  it  is  connected  by  means  of  the  processus 
e  cerebello  ad  testes.  These  are  called  the  superior  peduncles. 
The  lateral  portions  of  the  pons  contribute  the  middle  peduncles. 

Internal  Structure.  —  To  examine  the  internal  structure  of 
the  cerebellum  a  longitudinal  section  must  be  made  through 
the  thickest  part  of  one  of  its  hemispheres.  There  is  then  seen 
in  the  centre  a  large  nucleus  of  white  substance,  from  which 
branches  radiate  into  the  gray  substance  in  all  directions,  and 
upon  which  the  gray  cortical  substance  is  deposited  (laminae). 

The  laminae,  about  twelve  in  number,  have  branches  from 
them  at  right  angles,  secondary  laminae  ;  and,  from  these  again, 
tertiary  laminae.  This  racemose  arrangement  of  the  white 
matter  in  the  substance  of  the  gray  has  been  likened  to  the 
branches  of  a  tree  deprived  of  its  leaves,  and  is  generally  known 
as  the  arbor  vitcB. 

Corpus  Dentatum.  —  In  the  centre  of  the  white  substance 
of  each  hemisphere  is  a  nucleus  of  gray  matter,  the  corpus  den- 
tatum, consisting  of  a  zigzag  line  of  yellowish-gray  color,  incom- 
plete at  its  upper  and  inner  part,  and  enclosing  within  it  some 
white  substance.  From  its  centre  white  fibres  may  be  traced 
to  the  superior  cerebellar  peduncles  and  the  valve  Vieussens. 
It  is  displayed  either  by  a  vertical  or  by  a  horizontal  section. 

Functions.  —  Respecting  the  function  of  the  cerebellum,  the 
deductions  derived  from  comparative  anatomy  and  physiologi- 
cal experiments  render  it  probable  that  it  is  the  co-ordinator  of 
muscular  movements,  e.g.,  in  walking,  flying,  and  swimming. 
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The  encephalon  is  originally  developed  from  three  primary 
vesicles,  the  first  and  third  being  again  divided,  from  which  the 
following  parts  are,  in  the  later  stages,  severally  developed  :  — 


I.  Anterio 


r  Prosencephalon, 
ior  vesicle,      -{ 

[^  Thalamencephalon, 


2.  Middle  vesicle,  <  Mesencephalon, 

I  Epencephalon, 

3.  Posterior  vesicle,     J 

I  Metencephalon, 


Cerebral  hemispheres,  corpora 
striata,  corpus  callosum,  fornix, 
lateral  ventricles,  olfactoi^  lobe. 

Optic  thalami,  pineal  body,  pitui- 
tary body,  third  ventricle,  optic 
nerve. 

Corpora  quadrigemina,  crura  cere- 
bri, aqueduct  of  Sylvius,  optic 
nerve. 

Cerebellum,  pons  Varolii,  front 
part  of  the  fourth  ventricle. 

Medulla  oblongata,  posterior  part 
of  the  fourth  ventricle,  auditory 
nerve. 


The  component  parts  of  the  encephalon  begin  to  be  developed 
at  different  periods  of  foetal  life,  and  the  ages  at  which  they 
severally  begin  to  appear  are  given  as  follows  :  — 


Posterior  Vesicle. 

I'arf.  Month. 

Welencephalon,    .     .     .     Medulla  oblongata,  .....  Third 

Restiform  bodies, Third  to  fourth 

Anterior  pyramids, Fifth 

Olivary  bodies, Sixth 

Striae  acusticae, After  birth 

Epencephalon,     .     .     .     Cerebellum, Second,  end  of 

Inf.  cerebellar  ped.,       ....  Third 

Middle       "        " Fourth 

Corpus  dentatum, Fourth 

Superior  cereb.  ped.,     ....  Fifth 

Valve  of  Vieussens,       ....  Fifth 

Lobes  of  cerebellum,    ....  Fifth 

Folia, Sixth 

Flocculus, Seventh 

Post,  medullary  velum,      .     .     .  Seventh 

Amygdala;, Eighth 


Mesencephalon, 


Middle  Vesicle. 

Corpora  quandrigemina,   .     .     .  Fourth 

Fillet, Fourth 

Corpora  quadrig. : 

Vertical  groove, Sixth 

Transver.se, Seventh 
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Anterior  Vesicle. 

Part.  Motith. 

Thalamencephalon, .     .     Optic  thalami, Second  to  third 

Anterior  commissure,   ....  Third 

Posterior  commissure,  ....  Third,  end  of 

Pineal  body, Third  to  fourth 

Optic  tracts, Third  to  fourth 

Peduncles  of  pineal  body,      .     .  Third  to  fourth 

Middle  commissure Ninth  ? 

Prosencephalon,  .     .     .     Island  of  Reil, Earliest  of  all 

Corpara  striata, Third 

Corpus  callosum, Third,  end  of 

Fornix, Fourth  to  fifth 

Sulci,  primitive : 

Fissure  of  Sylvius,    ....  Middle  of  third 

Parieto-occipital, Third 

Dentate, Third 

Calcarine, Third 

Sulci,  secondary : 

Rolando, Fifth  to  sixth 

Parallel, Fifth 

Interparietal, Sixth,  end  of 

Calloso-marginal, Sixth,  end  of 

Collateral, Sixth,  end  of 

Frontal, Seventh 

Hippocampus  major,    ....  Fourth  to  fifth 

Convolutions, Fourth  to  fifth 

Convolutions  develop  rapidly,    .  Seventh  to  eighth 

Septum  lucidum, Fifth 

The  cerebral  hemispheres  enlarge  at  first  slovi'ly,  but  later  they  develop  much 
more  rapidly ;  the  extent  to  which  they  reach  backwards  in  the  various  periods  of 
intra-uterine  life  is  as  follows  :  — 

To  the  optic  thalami  at  third  month, 

To  the  corpora  quadrigemina  at  fourth  month, 

To  the  greater  part  of  cerebellum  at  sixth  month, 

To  the  posterior  border  of  cerebellum  at  seventh  month. 


DISSECTION    OF   THE    SPINAL   CORD. 

To  examine,  in  situ,  the  spinal  cord  covered  with  its  mem- 
branes, the  arches  of  the  vertebrae  must  be  sawn  through  and 
removed.*  It  is  then  noticed  that  the  cord  does  not  occupy 
the  whole  cavity  of  the  spinal  canal.  The  dura  does  not 
adhere  to  the  vertebrae,  and  does  not  form  their  internal  peri- 
osteum, as  in  the  skull.  Between  the  bones  and  this  membrane 
a  space  intervenes,  which  is  filled  with  a  soft  reddish-looking 
fat,  with  watery  cellular  tissue,  and  the  ramifications  of  a  plexus 
of  veins. 

*  A  curved  saw  will  work  better  than  a  straight  one.     (A.  H.) 
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Spinal  System  of  Veins.  —  The  spine  is  remarkable  for 
the  number  of  large  and  tortuous  veins  which  ramify  about  it 
inside  and  outside  the  vertebral  canal  (Fig.  294).     They  are  :  — 

I.  The  dorsi-spinal  or  posterior  external  veins,  which  form  a 
tortuous  plexus  outside  the  spinous,  transverse,  and  articular 
processes,  and  the  arches  of  the  vertebras;  they  communicate 
with  corresponding  veins  above  and  below,  and  they  send  off 
branches,  which  pass  through  the  ligamenta  subflava  and  inter- 
vertebral foramina,  and  end  in  the  plexus  inside  the  vertebral 
canal.  They  join  the  vertebral  veins  in  the  cervical  region,  the 
intercostal  in  the  thoracic,  and  the  lumbar  and  sacral  veins 
below. 


4       3 

Fig.  294.  —  Diagram  op  the  Spinal  Veins. 
(Vertical  Section.) 

I.  Anterior  external  veins.  2.  Dorsal-spinal 
veins.  3.  Posterior  longitudinal  spinal  veins. 
4.   Anterior  longitudinal  spinal  veins. 


Fig.  295.  —  Diagram  of  the  Spinal  Veins. 
(Transverse  Section.) 

I.  Anterior  external  veins.  2.  Dorsi-spinal 
veins.  3.  Posterior  longitudinal  spinal  veins. 
4.  Anterior  longitudinal  spinal  veins.  5.  In- 
ternal veins  of  the  body  of  the  vertebra  6. 
Lateral  veins. 


2.  The  veins  of  the  bodies  of  the  vertebrce  {yencB  basis  verte- 
brantm)  emerge  from  the  backs  of  the  bodies,  and  empty  them- 
selves into  the  transverse  vein  connecting  the  two  anterior 
longitudinal  spinal  veins. 

3.  The  anterior  longitudinal  spinal  veins,  two  in  number,  one 
on  each  side,  are  very  large  tortuous  veins,  which  extend  along 
the  whole  length  of  the  spinal  canal.  They  communicate  by 
transverse  branches,  passing  beneath  the  posterior  common 
ligament,  opposite  the  body  of  each  vertebra,  where  they  re- 
ceive the  vcna3  basis  vertebrarum.  They  arc  larger  in  the 
thoracic  and  lumbar  regions,  and  communicate  externally  with 
the  vertebral,  the  intercostal,  the  lumbar,  and  the  sacral  veins. 

4.  ThQ  posterior  longitudinal  spinal  veins,  like  the  anterior, 
run  along  the  whole  length  of  the  spinal  canal.     They  form  a 
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tortuous  venous  plexus,  situated  inside  the  vertebral  arches, 
and  communicate  in  front  with  the  anterior  longitudinal  veins 
by  cross  branches  at  frequent  intervals,  and  externally  with  the 
vertebral,  intercostal,  lumbar,  and  sacral  veins  by  branches 
through  the  intervertebral  foramina. 

The  anterior  and  posterior  longitudinal  spinal  veins  are  situ- 
ated between  the  spinal  canal  and  the  dura  of  the  spinal  cord, 
and  are  called  the  meiiingo-rachidiati  veins. 

5.  The  ■mediLlli-spinal  or  pi^oper  veins  of  the  spinal  cord  lie. 
within  the  dura.  They  form  a  fine  plexiform  arrangement 
of  veins  over  both  surfaces  of  the  cord,  and  can  with  diffi- 
culty be  injected  from  the  other  spinal  veins.  This  compli- 
cated system  of  veins  discharges  itself  through  the  interverte- 
bral foramina  in  the  several  regions  of  the  spine,  as  follows  :  — 
In  the  cervical,  into  the  vertebral  veins  ;  in  the  thoracic,  into 
the  intercostal  veins  ;  in  the  lumoar,  into  the  lumbar  veins. 
None  are  provided  with  valves,  hence  they  are  liable  to  become 
congested  in  diseases  of  the  spine. 

The  membranes  of  the  spinal  cord,  though  the  same  in 
number  and  continuous  with  those  of  the  brain,  differ  from 
them  in  certain  respects,  and  require  separate  notice. 

Dura. — The  dura  of  the  cord  is  a  tough  fibrous  membrane, 
like  that  of  the  brain,  but  does  not  adhere  to  the  bones, 
being  separated  from  them  by  fat,  loose  areolar  tissue,  and 
the  plexus  of  veins  described  above.  Moreover,  such  adhesion 
would  impede  the  free  movements  of  the  vertebrae  upon  each 
other.  It  is  attached  firmly  above  to  the  margin  of  the 
foramen  magnum,  and  by  slender  tissue  to  the  posterior  com- 
mon ligament,  and  may  be  traced  downwards  as  a  sheath  as  far 
as  the  second  bone  of  the  sacrum,  from  which  it  is  prolonged  as 
a  fibrous  cord  to  the  coccyx,  where  it  becomes  continuous  with 
the  periosteum.  It  forms  a  complete  canal  or  bag  {theca)  which 
surrounds  loosely  the  spinal  cord,  and  is  relatively  larger  in  the 
cervical  and  lumbar  regions  than  in  the  thoracic.  On  each 
side  are  two  openings  in  the  dura  for  the  anterior  and  poste- 
rior roots  of  the  spinal  nerves,  and  the  membrane  is  prolonged 
over  the  trunk  of  each  spinal  nerve.  These  prolongations 
accompany  the  nerves  only  as  far  as  the  intervertebral  foramina, 
and  are  there  blended  with  the  periosteum.  The  inner  surface 
of  the  dura  is  covered  with  a  layer  of  polygonal  cells,  so 
that  it  is  smooth  and  secreting ;  this  was  formerly  described 
as  the  parietal  layer  of  the  arachnoid  membrane. 
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Cut  through  the  nerves  which  proceed  from  the  spinal  chord 
on  each  side,  and  remove  the  chord  with  the  dura  entire.  Then 
lay  it  flat  on  the  table  and  slit  up  the  dura  along  the  middle  of 
the  front  of  the  cord  to  examine  the  arachnoid  membrane. 


Cervical. 


Dorsal, 


KJ'AUK 
Inferior  or  Cattda  equina. 


Fig.  296.  —  Membranes  of  the  Cord  and  Nerves  Given  Off. 

Floor  of  the  fourth  ventricle.  2.  Processus  e  cerebello  ad  cerebrum  or  ad  testes.  3.  Process 
to  the  pons.  4.  Process  to  the  medulla.  5.  Mammillated  swelling  of  the  posterior  column. 
6.  Glosso-pharyngeal  n.  7.  Pneumogastric  n.  8.  Spinal  portion  of  the  spmal  accessory  ex- 
posed on  the  left  side  by  the  removal  of  the  posterior  roots  of  the  spinal  nerves,  g.  Ligamentum 
denticulatum.  10,  10.  Posterior  roots  01  spinal  nerves.  11,  11.  Postero-lateral  groove  in 
which  are  placed  these  roots.  12,  12.  Ganglion.  13.  Anterior  roots  of  the  spinal  nerves. 
14.  Divisions  of  the  ganglion  into  two  nerves.  15.  Terminal  extremity  of  the  spiral  cord. 
16,  16.  Coccygeal  ligament  or fihun  tertnina/e.  17,  17.  Cauda  equina.  The  posterior  cords 
have  been  removed  on  the  left  side.  I,  VIII.  Cervical  nerves.  I,  XII.  Thoracic  nerves. 
I,  V.  Lumbar  nerves.    I,V.  Sacral  nerves. 


It  will  be  seen  that  the  functions  of  the  dura  of  the  cord  are 
not  identical  with  those  of  encephalon,  since  it  docs  not  form 
an  internal  periosteum  to  the  bones  of  the  spinal  canal,  nor  does 
it  send  in  partitions  to  support  the  cord,  and  it  does  not  split  to 
form  venous  sinuses. 
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Arachnoid  Membrane.  —  The  aracJmoid  membrane  of  the 
cord  is  a  continuation  from  that  of  the  brain,  and  is  reflected 
over  the  spinal  nerves  as  they  pass  from  the  cord  to  the  aper- 
tures in  the  dura.  This  membrane  invests  the  cord,  and  is  in 
contact  by  its  superficial  aspect  with  the  dura,  there  being  an 
interval  between  them  called  the  sub-dural  space,  although  in 
some  situations  they  are  more  or  less  connected  by  connective- 
tissue  bands.  On  its  deeper  surface  it  is  in  contact  with  the 
pia,  but  is  loosely  connected  with  it  by  delicate  areolar  tissue,  so 
that  there  is  a  considerable  interval  between  them  {subarachnoid 
space),  which  is  occupied  by  a  transparent  watery  fluid  {cerebro- 
spinal fluid)  contained  in  the  meshes  of  the  subarachnoid  tissue. 
The  separation  between  the  arachnoid  and  the  pia  varies  in  dif- 
ferent parts,  and  is  greatest  in  the  lower  part  of  the  cord. 

Cerebro-spinal  fluid. — T\\\'~>  cerebro  spinal  fluid  Q2im\o\.  be 
demonstrated  unless  the  cord  be  examined  very  soon  after  death, 
and  before  the  removal  of  the  brain.*  The  nerves  proceeding 
from  the  cord  are  loosely  surrounded  by  a  sheath  of  the  arach- 
noid ;  but  this  only  accompanies  them  as  far  as  the  dura,  where 
the  two  are  continuous.f  The  cerebro-spinal  fluid  of  the  cord 
communicates  with  that  of  the  brain,  and  also  with  the  general 
ventricular  cavity  through  an  aperture  in  the  lower  boundary  of 
the  fourth  ventricle,  called  XhQ  foramen  of  Magendie  or  m,etapore. 

*  The  existence  and  situation  of  the  cerebro-spinal  fluid  were  first  discovered 
by  Haller,  Elernent  Phys..  vol.  iv.,  p.  87,  and  subsequently  more  minutely  investi- 
gated by  Magendie,  Recherches  Phys.  et  CUniqties  sur  le  Liquide  Cepkalo-rachi- 
dien,m  4°,  avec  atlas:  Paris,  1842.  This  physiologist  has  shown  that  if,  during 
life  the  arches  of  the  vertebra  are  removed  in  a  horse,  dog,  or  other  animal,  and 
the  dura  of  the  cord  punctured,  there  issue  jets  of  a  fluid  which  had  previously 
made  the  sheath  tense.  The  fluid  communicates,  through  the  fourth  ventricle, 
with  that  in  the  genpral  ventricular  cavity.  The  collective  amount  of  the  fluid 
varies  from  i  to  2  oz.  (2g.j  to  ^g  c.cm.)  or  more.  It  can  be  made  to  flow  from  the 
brain  into  the  cord,  or  vice  versa.  This  is  proved  by  experiments  on  animals,  and 
by  that  pathological  condition  of  the  spine  in  children  termed  spina  bifida.  In  the 
latter  instance,  coughing  and  crying  make  the  tumor  swell,  showing  that  fluid  is 
forced  into  it  from  the  ventricles.  Again,  if  pressure  be  made  on  the  tumor  with 
one  hand  and  the  fontanelles  of  the  child  examined  with  the  other,  in  proportion 
as  the  spinal  swelling  decreases,  so  is  the  brain  felt  to  swell  up,  accompanied  by 
symptoms  resulting  from  pressure  on  the  nervous  axis  generally.  See  some  re- 
marks very  much  to  the  point  by  Sir  George  Burrows,  Oti  Diseases  of  the  Cerebral 
Circtdation,  p.  50,  1846. 

t  It  is  well  to  note,  in  operations  on  the  vertebral  column  for  the  relief  of 
pressure  upon  the  cord,  after  the  dura  has  been  opened  and  no  fluid  is  seven,  that 
adhesions  exist  above  that  point,  owing  to  inflammatory  deposits  in  the  arachnoid, 
which  are  easily  relieved  by  the  introduction  of  a  probe  above  and  below  the 
point  of  operation,  when  the  fluid  appears  in  the  wound,  the  arachnoid  then  be- 
ing free.     (A.  H.) 
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Pia.  —  The  pia  of  the  cord  is  the  protecting  membrane  which 
immediately  invests  it.  It  is  very  different  in  structure  from 
that  of  the  brain,  since  it  does  not  constitute  a  membrane  in 
which  the  arteries  break  up,  but  serves  rather  to  support  and 
strengthen  the  cord  ;  consequently,  it  is  much  less  vascular, 
more  fibrous  in  its  structure,  and  more  adherent  to  the  substance 
of  the  cord.  It  sends  down  thin  folds  into  the  ventral  and 
dorsal  median  fissures  of  the  cord,  and  is  prolonged  upon  the 
spinal  nerves,  forming  their  investing  membrane  or  "  neuri- 
lemma." 

Along  the  ventral  median  fissure  may  be  traced  a  well- 
marked  fibrous  band,  formed  by  the  pia,  which  has  been  named 
the  /tnea  splendens. 

Below  the  level  of  the  second  lumbar  vertebra  the  pia  is 
continued  as  a  slender  filament,  called  the  filum  terminale,  or 
central  ligament,  which  runs  down  in  the  middle  of  the  bundle 
of  nerves  into  which  the  spinal  cord  breaks  up.  About  the 
level  of  the  third  sacral  vertebra  it  becomes  continuous  with 
the  dura  of  the  cord,  and  is  then  prolonged  as  far  as  the  base 
of  the  coccyx.  The  spine  of  the  third  sacral  vertebra  marks  the 
level  to  which  the  cerebro-spinal  fluid  descends  in  the  vertebral 
canal.  It  is  supplied  with  nerves  from  the 
sympathetic  and  from  the  posterior  roots  of 
the  spinal  nerves. 

Ligamentum  Denticulatum.  —  From  each 
side  of  the  cord  along  its  whole  length  there 
runs  a  fibrous  band,  ligamentum  detiticulatnm, 
which  gives  off  a  series  of  processes  to  steady 
and  support  the  cord.  They  are  triangular, 
their  bases  being  attached  to  the  cord,  and  their 
points  to  the  inside  of  the  dura  (Fig.  297). 
There  are  from  eighteen  to  twenty-two  of  them 
on  each  side,  and  they  lie  between  the  anterior 
and  posterior  roots  of  the  spinal  nerves.  The 
first  process  passes  between  the  vertebral  artery 
and  the  hypoglossal  nerve ;  the  last  is  found  at  the  termi- 
nation of  the  cord.  It  is  composed  of  fibrous  tissue,  and  is 
covered  with  nucleated  cells  continuous  with  the  arachnoid 
membrane.* 


Fig.  2(57.  —  Diagram 

OF  THE  LiGAMKNTUM 

Denticulatum. 

I.  Dura  mater.  2,2,2. 
Ligamentum  denticu- 
latum. 


*   Vide  Axel  Key  and  Retzius  ;  Max  Schultz's  Archi7>cs,  1873. 
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SPINAL  CORD. 

The  spinal  cord  (medulla  spinalis)  is  that  part  of  the  cerebro- 
spinal axis  contained  in  the  vertebral  canal,  and  is  enclosed 
within  a  sheath  of  dura  {theca  vertebrates),  which  is  separated 
from  the  canal  by  a  plexus  of  veins  and  connective  tissue. 
It  is  the  continuation  of  the  medulla  oblongata,  and  extends 
from  the  foramen  magnum  down  to  the  lower  border  of  the 
first  lumbar  vertebra,  where  it  terminates  in  a  conical  point, 
conus  medullaris,  after  having  given  off  a  large  bundle  of 
nerves,  termed  the  cauda  eqiiiiKE,  for  the  supply  of  the  lower 
limbs. 

It  is  from  fifteen  to  eighteen  inches  {S7-5  ^^  4^^  ^^•)  i^ 
length,  and  is  about  an  ounce  and  a  half  (^J  grm.)  in  weight. 
Its  lower  extremity  from  the  conus  medullaris  is  continued 
downwards  as  a  thin  silvery  cord,  the  fihtm  terminale  which 
descends  along  the  posterior  aspect  of  the  cauda  equina.  It 
passes  down  within  the  sheath  as  far  as  the  second  sacral 
vertebra,  and  then,  piercing  the  dura,  becomes  attached  to 
the  periosteum  of  the  canal  at  the  back  of  the  coccyx.*  In 
its  upper  part,  the  filum  terminale  contains  some  gray  nerve- 
substance.  It  is  a  prolongation  of  the  pia  of  the  cord,  and 
in  many  subjects  there  is  a  continuation  of  the  central  canal 
of  the  cord  in  its  upper  half. 

The  cord  is  not  of  uniform  dimensions  throughout.  It  pre- 
sents a  considerable  enlargement  in  the  lower  part  of  the 
cervical  region  (Fig.  296,  p.  761)  ;  another  in  the  lower  part  of 
the  thoracic,  from  which  proceed  the  large  nerves  to  the  upper 
and  lower  limbs,  respectively.  The  upper  or  cervical  enlarge- 
ment, which  is  the  larger,  extends  from  the  third  cervical  to  the 
first  thoracic  vertebra,  and  is  largest  at  the  sixth  cervical  ver- 
tebra ;  the  lower,  or  lumbar,  extends  from  the  twelfth  thoracic 
vertebra  and  is  largest  opposite  the  last  thoracic  vertebra. f 

The  cord  is  divided  into  two  symmetrical  halves  by  a  median 
longitudinal  fissure  in  front  and  behind  (Fig.  298).  1\\q  anterior 
or  ventral  fissure  is  the  more  distinct  and  wider,  and  penetrates 

*  The  explanation  of  this  is,  that,  at  an  early  period  of  fcetal  life  the  length 
of  the  cord  corresponds  with  that  of  the  vertebral  canal ;  but  after  the  third 
month  the  lumbar  and  sacral  vertebrae  grow  away  from  the  cord,  in  accordance 
with  the  more  active  development  of  the  lower  limbs.  See  Tiedemann,  Atiatomie 
tind  Bildungsgeschichte  des  Gehirns  ini  Fcetus  des  Menschen,  &c.,  Niiremberg,  i8x6. 

t  In  very  early  foetal  life  these  enlargements  do  not  exist,  and  only  make  their 
appearance  with  the  development  of  the  extremities. 
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about  one-third  of  the  substance  of  the  cord  ;  deeper  in  the  lower 
than  in  the  upper  part  of  the  cord.  It  contains  a  fold  of  pia, 
with  many  blood-vessels  for  the  supply  of  its  interior.  At  the 
bottom  of  this  fissure  is  a  transverse  layer  of  white  substance, 
named  the  anterior  white  commissure,  connecting  the  two  ante- 
rior halves  of  the  cord.  The  posterior  or  dorsal  fissure  is  much 
less  apparent  than  the  anterior,  and  is  better  marked  in  the 
upper  and  the  lower  parts  of  the  cord.  It  does  not  contain  a 
fold  of  pia,  but  contains  a  thin  septum  of  connective  tissue 
with  blood-vessels.  It  can  be  traced  to  a  greater  depth  than 
the  anterior,  and  reaches  down  as  far  as  the  posterior  gray  com- 
missure of  the  cord. 

Running  along  the  centre  of  the  cord  in  its  whole  length  is  a 
minute  canal,  the  central  canal,  just  visible  to  the  naked  eye. 
Below,  in  the  conus  medullaris,  it  ends  in  a  dilated  cul-de-sac,  of 
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Fig.  298.  —  Diagram    of    a    Transverse     Section    through    the    Spinal    Cord    and    its 

Membranes. 

I.  Dura.  2.  Arachnoid  membrane.  3.  Ganglion  on  posterior  root  of  spinal  nerve.  4.  Anterior 
root  of  spinal  nerve.  5,5.  Seat  of  sub-arachnoid  fluid.  6.  Posterior  branch  of  spinal  nerve. 
7.  Anterior  branch  of  spinal  nerve. 

the  shape  of  the  letter  T ;  above  it  opens  out  at  the  calamus 
scriptorius  into  the  fourth  ventricle.  It  is  lined  with  cylindrical 
ciliated  epithelium.  This  central  canal  is  interesting,  as  it  is 
the  remains  of  the  cavity  formed  by  the  spinal  cord  at  the 
earliest  period  of  its  development.* 

Spinal  NerveSo  —  Thirty-one  pairs  of  nerves  arise  from  the 
spinal  cord,  namely,  eight  in  the  cervical  region,  twelve  in 
the  thoracic,  five  in  the  lumbar,  five  in  the  sacral,  and  one  in 
the  coccygeal.  Each  nerve  is  formed  by  the  junction  of  two 
series  of  roots,  one  from  the  front,  which  is  the  motor  root,  the 
other  from  the  back  of  the  cord,  which  is  the  sensory  and  larger 
root.  The  two  roots  pierce  the  dura  separately  and  then  con- 
verge to  the  corresponding  intervertebral  foramen  to  form  a 
single  nerve,  composed  of  motor  and  sensory  filaments, 

*  The  central  canal  is  well  seen  in  fishes,  birds,  and  reptiles. 
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The  filaments  composing  the  posterior  roots  are  finer,  but 
their  fasciculi  are  thicker  and  more  numerous  than  the  anterior.* 
They  proceed  from  the  postero-lateral  fissure,  and  previous  to 
their  union  with  the  anterior  roots  are  collected  into  two  bundles 
which  pass  through  a  ganglion.  The  ganglion  is  of  an  oval 
form,  bilobate  on  its  external  extremity,  and  lies  in  the  inter- 
vertebral foramen  ;  each  fasci- 
culus of  the  posterior  root  enters 
the  corresponding  lobe  of  the 
ganglion.  The  ganglia  of  the 
first  and  second  cervical  nerves 
are  placed  upon  the  arches  of 
the  atlas  and  axis  respectively  ; 
the  ganglia  of  the  sacral  and 
coccygeal  nerves  are  situated 
within  the  spinal  canal.  The 
anterior  roots  arise  from  the 
antero-lateral  column,  are  smaller 
than  the  posterior  roots,  but  like 
them  divide  into  two  fasciculi  as 
they  approach  the  ganglion  on 
the  posterior  root. 

The  compound  nerve  formed 
by  the  junction  of  the  two  roots, 
external  to  the  ganglion  of  the 
posterior,  divides,  outside  the  in- 
tervertebral foramen,  into  an  an- 
terior (ventral)  and  posterior 
(dorsal)     branch     (Fig.    298,    p. 

765). 

The  fibres  of  the  anterior 
roots,  after  entering  the  antero- 
lateral column,  pass  through  the 
white  fibres  to  enter  the  gray 
matter  ;  here  they  pass  in  all  di- 
rections, the  larger  number  passing  upwards  and  downwards, 
and  some  decussating  with  corresponding  filaments  of  the  op- 
posite side,  through  the  anterior  white  commissure ;  some  also 
pass  upward  vertically  through  the  lateral  column.  The  fibres 
of  the  posterior  roots  enter  the  caput  cornu  posterioris  through 

*  This  does  not  apply  to  the  first  cervical  nerve,  in  which  the  anterior  root 
exceeds  the  posterior  in  size. 


Fig.  zgg.  —  Transverse  Sections  of  the 
Spinal  Cord  in  Different  Regions. 

A.  Through  the  middle  of  the  cervical.  B. 
The  thoracic.  C.  The  lumbar  enlargement. 
D.  Upper  part  of  the  conus  medullaris.  E. 
At  the  5th  sacral  vertebra.  F.  At  coccyx. 
A,  B,  C.  Enlarged  twice.  D,  E,  F.  Thrice. 
a.  Anterior.    /.    Posterior  root. 
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the  postero-latcral  groove,  and  then  pass  upwards  and  down- 
wards in  the  gray  matter,  chiefly  of  the  posterior  horn  ;  but 
some  curve  round  to  enter  the  anterior  horn,  while  others  pass 
to  the  opposite  side  through  the  posterior  gray  commissure. 

Variation  in  the  Length  of  the  Roots.  —  The  direction 
and  length  of  the  roots  of  the  nerves  vary  in  tlie  different 
regions  of  the  spine,  owing  to  the  respective  parts  of  tlie  cord 
from  which  they  arise  not  being  opposite  to  the  foramina 
through  which  the  nerves  leave  the  spinal  canal  (Fig.  296, 
p.  761).  In  the  upper  part  of  the  cervical  region  the  origins  of 
the  nerves  and  their  point  of  exit  are  nearly  on  the  same  level  ; 
therefore  the  roots  proceed  transversely,  and  are  very  short. 
Lower  down,  however,  the  obliquity  and  length  of  the  roots 
gradually  increase,  so  that  the  roots  of  the  lower  thoracic  nerves 
are  at  least  a  vertebra  higher  than  the  foramina  through  which 
they  'merge.  Again,  since  the  cord  itself  terminates  at  the 
lowei  border  of  the  first  lumbar  vertebra,  the  lumbar  and 
sacra,  nerves  must  descend  from  it  almost  perpendicularly 
through  the  lower  part  of  the  spinal  canal. 

Cauda  Equina. — To  this  bundle  of  nerves  the  old  anato- 
mists have  given  the  name  of  canda  equina,  from  its  resemblance 
to  a  horse's  tail. 

To  sum  up  briefly,  it  appears  that  the  spinal  cord  consists  of 
two  symmetrical  halves,  separated  in  front  and  behind  by  a 
deep  median  fissure  ;  that  the  two  halves  are  connected  at  the 
bottom  of  the  anterior  fissure  by  an  anterior  or  white  commis- 
sure, at  the  bottom  of  the  posterior  fissure  by  the  posterior  or 
gray  commissure ;  that  each  half  of  the  cord  is  divided  into 
three  tracts  or  columns  of  longitudinal  white  nerve-fibres — ante- 
rior or  ventral,  lateral  and  posterior  or  dorsal  columns  (each 
is  again  divided  into  tracts  as  will  be  seen  later)  —  the  boun- 
daries between  them  being  the  respective  lines  of  origin  of  the 
roots  of  the  spinal  nerves  ;  that  the  interior  of  the  cord  contains 
gray  matter  disposed  in  the  form  of  two  crescents,  placed  with 
their  convexities  towards  each  other,  and  connected  by  a  trans- 
verse bar  of  gray  matter,  which  constitutes  the  posterior  com- 
missure. 

Blood-vessels  of  the  Cord.  —  The  cord  is  supplied  with 
blood  by — i.  T\\q.  anterior  spinal  z.x\.Q.xy,  which  commences  at 
the  medulla  oblongata  by  a  branch  from  the  vertebral  of  each 
side,  and  then  runs  down  the  middle  of  the  front  of  the  cord. 
Other  branches  are  derived  from  the  vertebral,  ascending  ccr- 
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vical,  intercostal,  and  lumbar  arteries,  which  pass  through  the 
intervertebral  foramina,  and  assist  in  keeping  up  the  size  of  this 
anterior  artery.  2.  Th.Q posterior  spinal  arteries,  which  proceed 
also  from  the  vertebral,  intercostal,  and  lumbar  arteries,  and 
ramify  somewhat  irregularly  on  the  back  of  the  cord. 

On  the  posterior  part  of  the  bodies  of  the  vertebrae,  the  spinal 
arteries  of  opposite  sides  communicate  by  numerous  transverse 
branches  along  the  entire  length  of  the  spine,  thus  resembling 
the  arrangement  of  its  venous  plexuses. 

Functions  of  the  Spinal  Cord.  —  The  spinal  cord  per- 
forms, at  least,  three  functions: —  i.  It  is  the  general  con- 
ductor of  impressions  to  and  from  the  brain.  2.  It  transfers 
impressions.  3.  It  is  a  centre  of  reflex  action.  Sensory  im- 
pressions are  conducted  by  the  posterior  roots  of  the  spinal 
nerves  to  the  cord,  and  are  thence  transmitted  to  the  brain 
through  the  posterior  columns  and  the  gray  matter  of  the  cord. 
These  impressions  do  not  run  up  on  the  same  side,  for  the 
fibres,  immediately  on  entering  the  gray  matter,  cross  over  to 
the  opposite  side  to  reach  the  brain  ;  so  that  if  the  posterior 
column  of  the  right  side  be  divided,  the  left  leg,  and  not  the 
right,  would  be  deprived  of  sensation.  Motor  impulses  are 
conveyed  along  the  antero-lateral  columns  and  the  gray  matter 
in  them,  and  carry  the  commands  of  the  will  from  the  brain  to 
the  muscles.  The  crossing  of  the  motor  fibres  takes  place  in 
the  medulla  oblongata,  at  the  decussation  of  the  anterior  pyra- 
mids, so  that  they  run  in  the  corresponding  half  of  the  cord  as 
far  as  their  point  of  decussation.  Division,  therefore,  of  one- 
half  of  the  cord  below  this  point,  causes  paralysis  of  motion  on 
the  same  side  of  the  body.  The  cord  is,  moreover,  concerned 
in  the  conduction  of  impressions  to  and  from  the  vaso-motor 
centre  of  the  medulla  oblongata,  which  determines  the  varying 
conditions  of  the  blood-vessels.  The  cord  also  transfers  impres- 
sions :  this  is  more  manifest  in  disease  than  in  health  ;  a  well- 
marked  example  of  transference  is,  that  pain  is  felt  at  the  knee 
in  cases  of  disease  of  the  hip-joint.  The  spinal  cord  has  prob- 
ably no  power  of  originating  impressions,  in  other  words,  it  is 
not  antomatic. 

Besides  the  anterior  and  posterior  fissures  is  another  super- 
ficial lateral  groove,  from  which  the  posterior  roots  of  the  spinal 
nerves  emerge ;  this  is  termed  the  posterior  lateral  groove. 
This  leads  down  to  the  posterior  horn  of  the  gray  matter  in  the 
interior  of  the  cord.     There  is  sometimes  described  an  antero- 
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lateral  groove,  corresponding  to  the  line  whence  the  anterior 
roots  of  the  spinal  nerve  emerge ;  but  this  is  not  really  a 
groove.  On  each  side  of  the  posterior  median  fissure,  between 
which  and  the  posterio-lateral  fissure  is  a  slight  groove  ;  this 
is  best  seen  in  the  cervical  region,  but  is  said  by  Foville  to  be 
present  along  the  whole  length  of  the  cord.  These  fissures 
seem  to  map  out  each  half  of  the  cord  into  three  longitudinal 
portions.  An  antero-lateral  column,  between  the  antero-median 
fissure  and  the  posterior  lateral  fissure  ;  a  postero-lateral  column, 
which  lies  between  the  postero-lateral  fissure  and  the  slight 
groov^e  spoken  of  above ;  the  postero-median  column,  which  is 
just  external  to  the  postero-median  fissure. 

These  columns  all  pass  into  the  medulla,  where  they  have 
been  described. 

Internal  Structure. — A  transverse  section  through  the 
cord  shows  that,  externally,  it  is  composed  of  white  nerve  sub- 
stance, and  that  its  interior  contains  gray  matter  arranged  in 
the  form  of  two  crescents  with  their  backs  to  each  other. 

The  white  substance  is  made  up  of  nerve  fibres,  blood-vessels, 
and  neuroglia.  The  nerve  fibres  are  of  three  kinds,  —  longi- 
tudinal, transverse,  and  oblique.  The  longitudinal  fibres  con- 
stitute the  principal  portion  of  the  columns  spoken  of  above, 
and  pathological  investigation  has  shown  these  columns  to  be 
subdivided  into  eight  tracts,  namely,  the  direct  pyramidal  tracts, 
the  antero-lateral  ground  bundle,  the  crossed  pyramidal  tract, 
the  antero-lateral  descending  and  ascending  cerebelli  tract,  the 
tract  of  Lissauer,  the  postero-lateral  or  Burdach's  column,  and 
the  postero-median  or  GoU's  column.  The  transverse  and 
oblique  fibres  are  principally  found  in  the  anterior  commissure, 
passing  from  the  anterior  cornu  to  the  white  matter  in  the 
anterior  column  of  the  opposite  side. 

Each  crescent  is  placed  in  its  corresponding  half  of  the  cord, 
and  is  connected  with  its  fellow  across  the  centre  by  a  portion 
called  the  posterior  or  gray  commissure.  The  posterior  horns 
are  long  and  narrow,  and  extend  to  the  posterior  lateral  groove, 
where  they  are  connected  with  the  posterior  roots  of  the  spinal 
nerves.  At  their  extremities  they  taper  to  a  point,  the  apex 
cornu  posterioris  ;  and  near  their  bases  they  present  a  constric- 
tion, the  cervix  cornu,  beyond  which  they  slightly  enlarge  to 
form  the  caput  cornu.  The  outline  of  the  gray  matter  of  the 
posterior  horns  at  their  commencement  is  indefinite  and  frayed 
out,  which  is  especially  noticeable  in  the  cervical  region  and  is 
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called  \h.Q,  processus  reticularis ;  at  their  apices  the  gray  matter 
is  semi-transparent  in  appearance,  and  hence  is  known  as  the 
sicbstantia  gelati^iosa.  In  the  centre  of  the  concavity  of  the 
posterior  horn  is  a  rounded  projection,  most  marked  in 
the  upper  thoracic  region,  termed  the  tractus  intermedia  lateralis, 
the  continuation  of  which  has  been  traced  upwards  through  the 
medulla.  On  the  inner  side  of  the  base  of  the  posterior  horn 
is  a  column  of  cells  known  as  Clark' s  vesicular  column ;  this, 
column  extends  from  the  origin  of  the  seventh  or  eighth  cervi- 
cal nerves  to  the  third  lumbar.  The  anterior  horns  are  short 
and  thick,  and  curve  forward  towards  the  attachments  of  the 
anterior  roots  of  the  nerves,  but  do  not  reach  the  surface. 
Separating  the  gray  commissure  from  the  anterior  median 
fissure  is  the  anterior  or  white  commissure. 

On  making  transverse  sections  through  different  regions  of , 
the  spinal  cord,  the  gray  substance  is  seen  to  vary  in  shape  and 
amount.  In  the  cervical  region  the  anterior  cornua  are  thick 
and  short ;  the  posterior  are  long  and  slender.  In  the  thoracic 
the  anterior  and  posterior  cornua  are  both  thin.  In  the  lum- 
bar the  anterior  and  posterior  cornua  are  large  and  broad.  In 
the  lower  part  of  the  cord  the  gray  matter  is  arranged  in  a 
central  mass. 


DISSECTION  OF   THE   EYE. 

Since  the  eye  in  the  human  subject  cannot  be  obtained  suffi- 
ciently fresh  for  anatomical  purposes,  the  student  should  examine 
the  eye  of  the  sheep,  bullock,  or  pig.  The  conjunctiva  should 
be  removed,  together  with  the  loose  connective  tissue  which 
unites  it  to  the  sclerotic  coat. 

Conjunctiva.  — The  conjunctiva  is  the  mucous  membrane 
which  covers  the  ocular  surface  of  the  eyelids  and  the  anterior 
part  of  the  globe.  It  presents  different  characters  in  the  vari- 
ous situations  over  which  it  is  reflected,  and  is  described  as  the 
palpebral,  the  sclerotic,  and  the  corneal  portions. 

The  palpebral  portion  is  thicker  than  the  other  portions,  is 
very  vascular,  and  is  provided  with  fine  papillae  abundantly  sup- 
plied with  nerves.  As  described,  p.  47,  it  is  continuous  with 
the  mucous  membrane  of  the  lachrymal  sac  through  the  canali- 
culi,  and  lines  the  Meibomian  glands  and  the  ducts  of  the  lachry- 
mal gland.  The  columnar  epithelium  which  lines  the  palpebral 
conjunctiva  becomes  at  the  margins  of  the  eyelids  more  strati- 
fied and  continuous  with  the  flattened  cells  of  the  skin  of  the 
eyelid.  It  forms  at  the  inner  canthus  a  reduplicated  fold,  the 
plica  semilunaris,  and  is  reflected  from  the  eyelids  of  the  globe, 
its  angle  of  reflection  being  called  th.Q  fornix  conjunctivce  3.r\d  the 
folds  into  which  this  is  thrown  are  termed  the  superior  and 
inferior  palpebral  folds. 

The  sclerotic  conjunctiv.i  is  loosely  attached  by  submucous 
tissue  to  the  sclerotic  coat,  so  as  not  to  impede  the  movements 
of  the  globe.  It  is  thinner,  and  has  no  papillae.  It  is  trans- 
parent and  nearly  colorless,  except  when  inflamed ;  it  then 
becomes  intensely  vascular,  and  of  a  bright  scarlet  color.  The 
arteries  are  derived  from  the  lachrymal  and  palpebral  branches 
of  the  ophthalmic  artery,  and  at  the  circumference  of  the  cornea 
they  form  capillary  loops  which  anastomose  with  each  other. 
The  lymphatics  are  well  marked  in  the  palpebral  and  sclerotic 
portions  of  the  conjunctiva,  and  at  the  margin  of  the  cornea 
they  rapidly  diminish  in  size  and  become  connected  with  the 
cell-spaces  m  the  cornea.  An  abundant  supply  of  nerves  is 
distributed  to  the  membrane ;  their  arrangement  is  in  the  form 
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of  plexuses  as  far  as  the  margin  of  the  cornea,  where  they  ter- 
minate in  "end-bulbs,"  described  by  Krause,  resembling  in  many 
respects  the  central  portion  of  Pacinian  corpuscles. 

The  corneal  conjunctiva  is  composed  chiefly  of  epithelium 
arranged  in  layers,  the  deepest  of  which  consists  of  columnar 
cells  resting  by  their  bases  on  the  substantia  propria  of  the 
cornea ;  superficial  to  these  are  two  or  three  layers  of  polygonal 
cells,  the  deepest  of  which,  called  the  fin,gered  cells  of  Cleland, 
interdigitate  with  the  columnar  cells  ;  and  on  the  surface  there 
is  a  layer  of  flattened  squamous  epithelial  cells.  This  portion 
of  the  conjunctiva  cannot  be  separated  by  dissection  in  recent 
eyes,  but  it  possesses  the  same  acute  sensibility  as  the  rest  of 
the  conjunctiva.  Changes  produced  by  inflammation  of  the 
conjunctiva  often  involve  the  cornea  and  render  its  texture 
thick  and  opaque.* 

The  eyeball  is  embedded  in  a  large  quantity  of  fat  and  deli- 
cate connective  tissue ;  and  surrounding  it  in  its  posterior 
three-fourths  is  a  serous  membrane,  the  capsule  of  Tenon,  which 
allows  of  its  free  movement  in  the  orbit. 

The  axes  of  the  two  eyeballs  are  nearly  parallel  with  each 
other ;  thus  they  do  not  correspond  with  the  axes  of  the  orbits, 
nor  of  the  optic  nerves  which  enter  the  globes  on  their  nasal 
aspect. 

The  human  eye  is  nearly  spherical  and  consists  of  segments 
of  two  spheres :  a  large  posterior  one,  which  corresponds  with 
the  sclerotic,  and  a  small  anterior  one  with  the  cornea.  The 
antero-posterior  diameter  taken  from  the  anterior  corneal  surface 
to  the  posterior  sclerotic  surface  averages  a  little  less  than  an 
inch,  or  accurately  24,27  mm,  ;  the  inner  measurement  taken 
from  the  inner  surfaces  of  the  above  membranes  21,74  mm. 
The  vertical  diameter  less  than  an  inch  by  xV  or  23.65  mm. 
The  optic  nerve  enters  about  \  of  an  inch  (3  nim^  to  inside  of 
the  antero-posterior  axis.  The  weight  is  108^  grains  or  7,2  grm. 
The  volume  6  c.cm.,  and  the  specific  gravity  1.025.  The  antero- 
posterior diameter  varies  considerably  up  to  the  21st  year;  is 
less  in  the  female.  This  fact  accounts  for  the  varying  degrees 
of  near  and  far  sight.  The  cornea  is  thicker  in  the  child  in 
the  centre,  but  as  age  advances  this  decreases. 

*  The  facts  of  comparative  anatomy  confirm  this  view.  In  the  serpent  tribe, 
which  annually  shed  the  skin,  the  front  of  the  cornea  comes  off  with  the  rest  of 
the  external  surface  of  the  body.  In  the  eel  the  surface  of  the  cornea  is  often 
drawn  off  in  the  process  of  skinning.  In  some  species  of  rodents  which  burrow 
under  the  ground  like  the  mole,  the  eye  is  covered  with  hair,  like  other  parts. 
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Coats  and  Humors  of  the  Eye. — The  globe  is  composed 
of  three  concentric  coats,  arranged  one  within  the  other,  which 
enclose  certain  transparent  structures  for  the  transmission  of 
light.  The  external  coat,  consisting  of  the  sclerotic  and  cornea, 
is  fibrous,  thick,  and  strong.  The  second  coat,  consisting  of 
the  choroid,  the  iris,  and  the  ciliary  processes,  is  composed  of 
blood-vessels,  muscular  tissue,  and  pigment  cells,  and  is  very 
dark  in  color.  The  third  coat,  called  the  retina,  consists  of 
the  expansion  of  the  optic  nerve  for  the  reception  of  the  impres- 
sion of  the  waves  of  light.  The  bulk  of  the  interior  is  filled 
with  a  transparent  humor,  called  the  vitreous  body.  Embedded 
in  the  front  of  this,  and  just  behind  the  pupil,  is  the  crystalline 
lens,  for  the  purpose  of  concentrating  the  rays  of  light.  In 
front  of  the  lens  is  placed  a  movable  curtain,  called  the  iris, 
to  regulate  the  amount  of  light  which  shall  be  admitted  through 
a  central  aperture,  the  pnpil,  to  the  fundus  of  the  eye.  The 
space  in  which  the  iris  is  suspended  is  filled  with  a  fluid,  termed 
the  aqueous  Jiuvior. 

Sclerotic  Coat. — The  sclerotic  coat  is  the  white  tough  pro- 
tecting coat  of  the  eye  which  serves  to  maintain  the  foiTn  of  the 
globe.*  It  covers  the  posterior  five-sixths  of  the  globe,  the 
remaining  anterior  one-sixth  being  completed  by  the  cornea.  It 
is  of  dense  white  color,  except  in  front,  where  the  tendons  of 
the  r.3Cti  and  obliqui  are  inserted  into  it.  The  thickest  part  of 
the  sclerotic  coat  is  at  the  back  of  the  globe  (Fig.  301)  ;  the 
thinnest  is  a  short  distance  behind  the  cornea. f  The  back  of 
the  sclerotic  is  perforated  by  the  optic  nerve,  which  enters  it 
about  one-eighth  of  an  inch  (J  mm.)  on  the  inner  or  nasal  side 
of  the  axis  of  vision.  The  sheath  of  the  optic  nerve  becomes 
continuous  with  the  sclerotic,  where  it  perforates  this  coat. 
The  optic  nerve  at  its  entrance  into  the  sclerotic  is  much  con- 
stricted, and  instead  of  passing  through  a  single  aperture  in 
this  coat,  it  enters  it  through  a  number  of  minute  apertures,  so 
that  this  membrane  forms  a  porous  lamina,  called  the  lamina 
cribrosa.  In  the  centre  of  the  lamina  cribrosa  is  an  opening 
{poms  opticus),  larger  than  the  rest,  which  transmits  the  arteria 

*  The  sclerotic  coat  of  the  eye  in  fishes  is  of  e.xtraordiiiary  thickness  and 
density;  and  in  birds  this  coat  is  further  strengthened  by  a  circle  of  Ijony  plates, 
fourteen  or  fifteen  in  number,  arranged  in  a  series  round  the  margin  of  the  cornea. 
Similar  plates  are  found  in  some  of  the  reptiles,,  and  particularly  in  the  fossil 
ichthyosauri  and  plesiosauri. 

t  The  greatest  thickness  po.steriorly  is  about  the  A  of  an  inch  (/  ww.) ;  its 
thinnest  in  front  is  about  the  b'o  of  an  inch  (.j  vim.). 
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centralis  retinae.  Around  the  optic  nerve  the  sclerotic  is  pierced 
by  the  ciliary  arteries,  veins,  and  nerves,  for  the  supply  of  the 
choroid  and  iris.  About  a  quarter  of  an  inch  {6  mm.)  from 
the  cornea  the  sclerotic  receives  the  insertions  of  the  recti 
muscles ;  *  here  also  it  transmits  the  anterior  ciliary  arteries, 
which  run  forward  along  the  tendons  of  these  muscles,  and  form 
a  vascular  ring  around  the  circumference  of  the  cornea  (Fig.  300). 
Structure.  —  The  sclerotic  is  composed  of  connective  tissue 
arranged  in  bundles,  which  run,  some  longitudinally,  some  trans- 
versely, and  are  intermingled  with  fine  elastic  fibres.  The 
longitudinal  fibres  are  the  most  external  and  abundant.  Under 
the  microscope  numerous  connective-tissue  corpuscles  may  be 
seen  filling  cell-spaces,  similar  to  those  in  the  cornea  but  not  so 
abundant,  and  containing  pigment-granules.  The  inner  surface 
of  the  sclerotic  is  of  a  dark  brownish  color,  due  to  the  presence 
of  a  thin  layer  of  connective  tissue,  lamina  fiisca,  in  which  are 
found  pigment-cells.  This  surface  of  the  sclerotic  is  grooved 
for  the  passage  of  the  ciliary  nerves,  which  run  forward  in  a  sort 
of  lymph-space ;  and  it  is,  moreover,  connected  by  filamentous 
tissue  with  the  subjacent  choroid. 

Cornea.  —  The  cornea  is  the  brilliant  translucent  coat  which 
forms   about   one-sixth  of    the  globe.     It  is  nearly  circular  in 

shape,  its  diameter  being  nearly 
half  an  inch,  or  accurately  {II-S 
mm.),  and  its  thickness  about 
aVth  of  an  inch  (/./2  mm.).  The 
curve  of  the  cornea  forms  part  of 
a  smaller  circle  than  that  of  the 
sclerotic,  so  that  it  projects  fur- 
ther forwards,  varying  in  this  re- 
spect in  different  eyes,  and  at  dif- 
ferent ages  of  life.  It  is  firmly 
connected  at  its  margin  to  the 
sclerotic,  with  the  fibres  of  which 
it  is  continuous.  The  margin  of 
the  sclerotic  is  bevelled  on  the 
inside ;  that  of  the  cornea  on  the  outside,  so  that  the  former 
overlaps  the  latter  (Fig.  301). 

To  examine  the  cornea,  it  should  be  removed  with  the  sclerotic 
coat.     This  should  be  -done  under  water,  by  making  a  circular 

*  There  is,  however,  some  variation,  the  internal  rectus  being  nearest  to  the 
cornea;  the  other  tendon  about  (z  mm.)  i%  of  an  inch  farther  back.     (A.  H.) 


Fig.  300.  —  Insertion  of  the  Recti  Mus- 
cles WITH  Anterior  Ciliary  Arteries. 
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cut  with  the  scissors,  about  a  quarter  of  an  inch  {6  vim.)  from 
the  margin  of  the  cornea.  With  a  little  care  it  will  be  easy  to 
remove  the  outer  coat  of  the  eye  without  injuring  the  dark 
choroid  coat,  the  ciliary  muscle,  or  the  iris.  In  the  loose  brown- 
colored  connective  tissue  between  the  sclerotic  and  the  choroid 
are  the  ciliary  nerves  passing  forwards  to  the  iris ;  their  white 
color  makes  them  very  conspicuous  on  the  dark  ground. 

Structure.  —  The  cornea  consists  of  four  layers,  which  are 
not  all  composed  of  the  same  kind  of  tissue ;  they  are,  from 
without  inwards,  the  conjunctiva,  the  substantia  propria  or 
cornea  proper,  the  posterior  elastic  lamina,  and  the  epithelial 
lining. 


Cornea. 


Iris. 


Ciliary  processes. 
Canal  of  Sclilemm 

or  Fontana. 
Ciliary  muscle. 


Fig.  301. —  DiAGRA.M  of  a  Vertical  Section  of  the  Eye 
I.   Anterior  chamber  filled  with  aqueous  humour.  2     Posterior  chamber.         3.   Canal  of  Petit. 


The  cojijunctiva  is  the  most  superficial  layer,  and  consists  of 
several  strata  of  epithelial  cells :  the  deeper  ones  are  columnar 
and  placed  vertically,  the  next  consist  of  several  layers  of  polyg- 
onal cells,  and  the  most  superficial  ones  are  flattened  scaly 
epithelium  cells,  with  well-marked  nuclei. 

The  cornea  proper  ox  siibstaiitia  propria  consists  of  translucent 
connective  tissue,  upon  which  the  thickness  and  strength  of  the 
cornea  mainly  depend.  The  fibres  are  arranged  in  lamina;,  about 
sixty  in  number.  Those  composing  a  lamina  are  arranged  in  a 
parallel  direction,  but  the  fibres  of  each  layer  cross  at  right 
angles  those  of  each  succeeding  layer.  The  lamella:;  are  con- 
nected together  by  filaments  passing  from  one  to  another,  so 
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that  they  are  not  perfectly  separate  from  each  other.  The 
cornea  proper  in  the  recent  subject  presents  no  trace  of  struc- 
ture, but  it  is  only  after  death  by  means  of  lenses  and  reagents 
that  these  lamellae  can  be  satisfactorily  demonstrated.   Between 


Fig.  302.  —  Antero-posterior  Section  at  the  Junction  of  the  Cornea  with 
THE  Sclerotic. 

a.  Anterior  corneal  epithelium,  b.  Bowman's  lamina,  c.  Corneal  corpuscles.  /.  Corneal  lamellae 
(the  whole  thickness  lying  between  ^and  ^  is  the  substantia  propria),  d.  Descemet's  membrane. 
e.  Its  epithelium,  f.  Junction  of  cornea  with  the  sclerotic,  g.  Limbus  conjunctivje.  //.  Con- 
junctiva, i.  Canal  of  Schlemm.  k.  Leber's  venous  plexus  (is  regarded  by  Leber  as  belonging 
to  i).  711.  m.  Meshes  in  the  tissue  of  the  lig.  iridis  pectinatum.  71.  Attachment  of  the  iris.  o. 
Longitudinal,/.  Circular  (divided  transversely)  bundles  of  fibres  of  the  sclerotic,  q.  Perichoroi- 
dal space,  s.  Meridional  (radiating),  t.  Equatorial  (circular)  bundles  of  the  ciliary  muscle,  te. 
Transverse  section  of  the  ciliary  artery,  v.  Epithelium  of  the  iris  (a  continuation  of  that  on  the 
posterior  surface  of  the  cornea),  w.  Substance  of  the  iris.  x.  Pigment  of  the  iris.  2.  A 
ciliary  process. 

the  lamellae  are  irregularly  branched  spaces,  called  the  cell- 
spaces  of  the  cornea,  in  which  are  lodged  the  corneal  corpuscles, 
having  outstanding  processes,  which  communicate  freely  with 
each  other  in  their  own  plane,  and  also  with  those  of  the  planes 
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on  either  side.  These  corpuscles  correspond  in  shape  to  the 
spaces  within  which  they  lie.*  In  inflammation  of  the  cornea 
they  undergo  considerable  changes.  Immediately  below  the 
conjunctiva,  the  cornea  proper  presents  a  different  appearance 
to  that  of  the  main  thickness  of  this  layer,  so  that  this  has  been 
described  by  some  anatomists  under  the  name  of  the  anterior 
elastic  lamina  of  Bowman.  It  presents,  however,  a  definite 
fibrillar  structure,  similar  to  that  of  the  cornea  proper,  but  is 
destitute  of  the  corneal  corpuscles  and  cells.  The  greatest 
thickness  of  the  cornea  proper  is  about  o^gth  of  an  inch  {1. 1 2 
7nin.). 

T\\e  posterior  elastic  lamina,  called  also  the  vicvibranc  of  Dcs- 
cemct  or  Demours,  is  translucent,  elastic,  and  brittle,  and  may 
be  easily  separated  from  the  preceding  lamina.  It  consists  of  a 
perfectly  structureless  lamina,  which,  when  peeled  off,  has  a 
remarkable  tendency  to  curl  with  the  attached  surface  inner- 
most. At  the  junction  of  this  lamina  with  the  sclerotic  on  its 
inner  surface,  it  spreads  out  into  a  number  of  radiating  tooth- 
like processes,  the  ligamcntum  pectinatum  iridis,  which  was  at- 
tached to  the  front  of  the  circumference  of  the  iris  and  to  the 
sclerotic  and  choroid  coats.  The  processes  alone  are  covered 
with  epithelial  cells,  and  the  intervals  between  the  processes 
form  small  spaces,  the  spaces  of  Fontana,  which  communicate 
freely  with  the  fluid  of  the  aqueous  chamber.  In  the  sclerotic 
coat,  close  to  its  junction  with  the  cornea,  is  situated  a  small 
oval  canal,  lined  with  epithelium,  termed  the  sinits  circnlaris 
iridis  or  canal  of  Schlemm  (Fig.  302).  Although,  by  some,  it 
is  considered  a  lymph-space,  it  is  probably  a  venous  sinus,  for 
it  can  be  injected  from  the  arteries  ;  but  it  has  probably  some 
free  communication  with  the  fluid  of  the  anterior  chamber,  as 
this  fluid  passes  rapidly  from  the  chamber  into  this  sinus.f 

The  epithelial  linijij^  consists  of  a  single  layer  of  polygonal 
nucleated  cells,  and  lines  the  inner  surface  of  the  posterior 
elastic  lamina.  They  resemble  those  which  line  serous  mem- 
branes generally. 

•  If  fluid  be  injected  very  gently  into  the  cornea  proper,  there  may  be  demon- 
strated a  system  of  ca.n7i.\?„  caWtiA  /\ec/ilini:;/iaiisen"s  ca>ials,  \\\\ic\\  are  the  commu- 
nications between  the  corneal  corpuscles  ;  but  if  the  fluid  be  injected  more  forcibly, 
it  p-isses  in  the  course  of  the  fibres  composini^  the  various  lamina;  of  the  cornea, 
whi:h  gives  the  appearance  of  a  number  of  varicose  and  enlarged  tubes  crossing 
ea':h  other  at  right  angles ;    these  are  termed  Bmuman's  corneal  tubes. 

t  For  further  information  on  this  point  consult  Leber,  Archivf.  Oplh.  1S7R; 
Ileisrath,  Archiv  f.  Optk.  xxvi.;  and  Schwalbe,  Graefe,  and  Saemisch's  Iliuid- 
book,  1874. 
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Arteries  and  nerves.  —  In  the  healthy  condition  the  cornea 
contains  no  blood-vessels,  except  at  its  circumference,  where 
they  form  loops.  Nor  have  any  IpmpJmtics  been  demon- 
strated in  it.  Its  nerves,  which  are  numerous  —  forty  to  forty- 
five  in  number  —  are  derived  from  the  ciliary  nerves,  and  may 
be  traced  forwards  to  the  fibrous  portion  of  the  cornea,  where 
they  lose  their  dark  outline  and  become  transparent,  forming  a 
fine  plexus  —  the  primary  plexus.  This  gives  off  minute  fila- 
ments which  ramify  beneath  the  epithelium,  constituting  the 
secondary  or  sub-epithelial  plexus.  From  this  very  minute  vari- 
cose fibres  run  between  the  epithelial  cells,  forming  the  intj^a- 
epithelial  plexus.  Besides  these  plexuses,  filaments  are  given 
off  from  the  primary  plexus  to  supply  the  cornea  proper,  and 
the  filaments  are  said  by  some  to  be  continuous  with  the  anasto- 
mosing processes  of  the  cell-spaces. 

Choroid  Coat.  —  After  the  removal  of  the  sclerotic  coat  and 
the  cornea,  which  constitute  the  first  tunic,  we  expose  the 
second  tunic,  consisting  of  the  choroid,  the  iris,  and  ciliary 
processes  in  front,  and  of  the  ciliary  ligament  and  the  ciliary 
muscle. 

The  choroid  is  the  soft  and  flocculent  tunic  of  the  eye,  recog- 
nized by  its  dark  brown  color  and  great  vascularity.  It  covers 
the  posterior  five-sixths  of  the  globe,  and  is  thickest  posteriorly, 
where  there  is  a  circular  aperture  in  it  for  the  passage  of  the 
optic  nerve.  In  front,  the  choroid  passes  beneath  the  ciliary 
muscle  and  ligament  with  which  it  is  connected,  and  then  ex- 
tends forwards,  terminating  in  a  series  of  plaited  folds,  called 
the  ciliary  processes.  It  is  connected  with  the  sclerotic  by 
delicate  connective  tissue,  the  lamina  fusca,  through  which  the 
ciliary  vessels  and  nerves  pass  forwards  (Fig.  303)  to  the  iris. 
Its  inner  surface  is  smooth,  and  is  in  contact  with  the  retina, 
and  when  detached  from  it  presents  a  layer  of  hexagonal  pig- 
mented cells,  which  are  now  recognized  as  forming  a  part  of  the 
retinal  coat  and  as  part  of  which  it  is  originally  developed. 

Stucture.  —  Under  the  microscope  the  choroid  is  seen  to 
consist  of  two  layers,  an  external  and  an  internal.  The  choroid 
is  covered  externally  by  a  connective  tissue  layer,  similar  to  the 
lamina  fusca  of  the  sclerotic,  and  known  as  the  lamina  supra- 
choroidea ;  it  consists  of  connective  tissue  intermingled  with 
elastic  tissue,  and  embedded  in  the  meshwork  are  pigment  cells 
and  lymphoid  cells.  The  contiguous  surfaces  of  the  lamina 
fusca  and  the  lamina  supra-choroidea  are  lined  with  squamouF 
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epithelium,  having  between  them  a  more  or  less  complete 
lymph-space,  which  is  continuous  with  that  of  Tenon's  capsule 
through  the  apertures  in  the  sclerotic,  through  which  the 
ciliary  vessels  and  nerves  pass. 

The  external  layer  consists  of  the  larger  branches  of  the 
blood-vessels ;  the  arteries  (short  ciliary)  running  forwards 
between  the  veins,  previous  to  dipping  down  to  form  the  inter- 
nal layer.  The  veins  are  .arranged  with  great  regularity  in 
drooping  branches  ii>ejics  vorticose^)  like  the  weeping  willow 
(Fig.  303),  and  converge  to  four  or  five  nearly  equidistant 
trunks,  which,  after  running  backwards  for  a  short  distance, 
perforate  the  sclerotic  not  far  from  the  entrance  of  the  optic 
nerve,  and  empty  themselves  into  the  ophthalmic  vein. 
Between  the  veins  there  are  interspersed  numerous  stellate 
pigment -cells  which  anastomose  with  neighbouring  cells ;  on 
the  inner  side  of  this  layer  the  cells  are  absent. 

The  internal  layer  is  formed  by  the  capillaries  of  the  ciliary 
arteries  and  is  called  the  tnniea  RjiyscJiiana,  after  the  Dutch 
anatomist  Ruysch.  The  capillaries  branch  off  from  the  choroid 
vessels  in  a  radiating  manner,  and  form  the  most  delicate  vas- 
cular network  found  in  any  tissue.  It  extends  forward  as  far 
as  the  retina,  where  the  intervals  become  larger  and  the  vessels 
freely  communicate  with  those  of  the  ciliary  processes.  This 
tissue  has  on  its  inner  surface  a  transparent  membrane,  the 
membrane  of  BrucJi,  which  rests  on  the  pigmentary  layer  of  the 
retina. 

Ciliary  Processes.  —  The  ciliary  processes  are  the  plaited 
folds  formed  by  the  anterior  part  of  the  choroid,  and  may  be 
best  seen  when  the  globe  has  been  divided  by  a  transverse 
vertical  section  into  an  anterior  and  a  posterior  half,  the  vitre- 
ous humor  being  left  undisturbed.  They  are  black,  and  con- 
sist of  from  sixty  to  seventy  radiating  folds  arranged  in  a  circle. 
These  processes  consist  of  longer  and  shorter  folds,  the  former 
being  the  more  numerous,  and  in  the  proportion  of  three  to  one 
of  the  latter.  The  processes  fit  into  corresponding  folds  of  the 
suspensory  ligament  of  the  lens,  and  their  free  ends  project  for 
a  short  distance  into  the  posterior  chamber.  The  circumference 
of  the  processes  are  attached  to  the  ciliary  ligament ;  their 
inner  ends  are  free  and  rest  upon  the  circumference  of  the  lens. 

Structure.  — The  vascular  supply  of  the  ciliary  processes  is 
most  abundant  and  resembles. in  the  main  that  of  the  choroid, 
except   that   the  plexus  is    coarser,  with  its  meshes  arranged 
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longitudinally.  The  arteries  come  chiefly  from  the  anterior 
ciliary,  and  from  the  front  vessels  of  the  choroid  ;  and  after 
breaking-  up  into  a  fine  plexus,  they  form  loops  which  arch  back- 
wards, to  end  in  the  smaller  veins.  Their  dark  color  is  due  to 
several  layers  of  pigmented  cells,  which  disappear,  however,  at 
the  free  ends  of  the  processes. 

Ciliary  Muscle.  —  The  ciliary  'muscle  consists  of  unstriped 
muscular  fibres,  and  forms  a  muscular  zone  at  the  front  of  the 
choroid  (Fig.  302),  close  to  the  junction  of  the  sclerotic  with 
the  cornea.  It  arises  by  a  thin  tendon  from  the  sclerotic  close 
to  the  cornea,  and  near  the  spaces  of  Fontana.  Thence  some 
of  its  fibres  radiate  backwards,  forming  the  meridional  or  radi- 


FiG.  303. 


-Sclerotic    Coat    Removed    to    Show    the    Choroid,    Ciliary    Muscle,    and 
Nerves. 


ating fibres,  and  are  lost  in  the  choroid  behind  the  ciliary  pro- 
cesses :  some  of  the  fibres  form  a  circular  muscle  around  the 
outer  circumference  of  the  iris,  the  circular  ciliary  muscle,  which 
was  formerly  described  as  the  ciliary  ligament.  Its  action  is  to 
accommodate  the  eye  to  objects  at  various  distances  by  com- 
pressing the  lens  and  increasing,  the  convexity  of  its  anterior 
surface.* 

Iris.  —  The  iris  is  the  contractile  and  colored  curtain  sus- 
pended in  the  clear  fluid  which  fills  the  space  between  the 
cornea  and  the  lens.  The  iris  divides  this  space  into  two  un- 
equal parts,   called   the  anterior  and  posterior  chambers  (Fig. 

*  Sir  p.  Crampton  has  noticed  that  this  muscle  is  well  developed  in  birds.  In 
them,  its  muscles  are  of  the  striped  variety,  as  are  the  circular  fibres  of  the  iris. 


THE    IRIS.  781 

301);  these  communicate  with  each  other  through  a  circular 
aperture  in  the  centre  of  the  iris,  called  the  pupil,  which  is 
situated  a  little  to  the  inner  side  of  the  iris.* 

The  circumference  of  the  iris  is  nearly  circular,  and  is  im- 
movably connected  with  the  choroid,  the  ciliary  muscle,  and 
through  the  ligamentum  pectinatum  with  the  cornea.  The 
diameter  of  the  iris  is  about  half  an  inch  (/J  mm.),  and  that  of 
the  pupil  in  man  varies  from  the  J^th  {1.2  mm.),  to  the  ird  of 
an  inch  {8  mm.). 

The  color  of  the  iris  varies  in  different  subjects,  and  gives 
the  peculiar  tint  and  brilliancy  to  the  eye.  The  coloring 
matter  or  pigment  is  contained  in  minute  cells,  pigment  cells, 
lining  the  anterior  and  posterior  surfaces  of  the  iris,  the  pos- 
terior taking  the  name  of  uvea,  from  its  grape-like  color.  Pig- 
mented cells  are  also  found  in  the  substance  of  the  iris. 

The  use  of  the  iris  is  to  regulate  the  amount  of  light  which 
shall  be  admitted  into  the  eye  ;  for  this  purpose  its  inner  cir- 
cumference is  capable  of  dilating  and  contracting  according  to 
circumstances,  while  its  outer  circumference  is  immovably 
attached. 

Structure.  —  When  the  iris  is  laid  under  water,  and  viewed 
with  a  low  magnifying  power,  it  is  seen  to  be  composed  of  fine 
fibres  converging  from  all  sides  towards  the  pupil ;  many  of 
them  unite  and  form  arches,  leaving  elongated  interspaces, 
which  are  most  marked  towards  the  middle  of  the  iris. 

In  front  of  the  iris  is  a  thin  layer  of  polyhedral  cells,  which  is 
continuous  with  that  covering  the  membrane  of  Descemet,  but 
the  cells  are  smaller  and  more  granular. 

The  stroma  consists  of  connective  tissue  and  cells.  The 
fibres  of  the  connective  tissue  are  arranged  longitudinally  and 
circularly ;  the  longitudinal  fibres  radiate  from  the  circumference 
towards  the  pupil,  and  between  them  are  contained  the  blood- 
vessels and  nerves ;  the  circular  fibres  are  found  at  the  cir- 
cumference of  the  iris.  Intermingled  in  the  meshes  of  this 
connective  tissue  and  throughout  its  whole  thickness  are 
numerous  and  various-shaped  pigment  cells  having  anastomos- 
ing processes,  like  those  of  the  choroid.  They  are  chiefly 
found  in  the  uvea,  which  is  continuous  with  the  pigmented 
layer  of  the   retina.      Upon  the  disposition  of  these  pigment- 

*  The  size  and  shape  of  the  pupil  vary  in  different  animals.  In  the  bullock, 
sheep,  horse,  etc.,  it  is  oblong;  in  carnivorous  quadrupeds  it  is  often  a  mere  verti- 
cal slit  during  the  day,  but  dilates  into  a  large  circle  at  night. 
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cells  depends  the  color  of  the  iris :  in  dark  eyes,  the  pigment- 
cells  are  scattered  throughout  the  thickness  of  the  stroma ;  in 
light  eyes,  only  on  its  posterior  surface. 

The  innsc2ilar  tissue  is  of  the  un striped  kind,  and  is  arranged 
partly  in  a  radiating,  partly  in  a  circular  manner.  The  circular 
fibres,  the  sphincter,  well  marked,  are  collected  on  the  posterior 
aspect  of  the  pupillary  margin,  where  they  form  a  ring  about 
^igth  of  an  inch  (.5  mm.)  in  width  ;  at  the  free  margin  of  the 
iris  they  form  a  thick  bundle,  but  become  more  frayed  out 
towards  the  circumference.*  The  radiating  fibres,  the  dilatator, 
converge  towards  the  pupil,  where  they  form  arches  and  blend 
with  the  circular  fibres. 

Tho.  pigment,  as  before  described,  is  found  in  varying  thick- 
ness and  position,  differing  according  to  the  color  of  the  iris. 

The  arteries  of  the  iris  are  derived  from  the  two  long  and 
the  anterior  ciliary  arteries.  The  long  ciliary  arteries  (Fig. 
304)  perforate  the  sclerotic  coat  on  each  side  of  the  optic 
nerve,  and  then  run  forwards  between  this  tunic  and  the  cho- 
roid to  the  ciliary  muscle  at  the  outer  circumference  of  the  iris. 
Each  artery  divides  into  an  upper  and  a  lower  branch,  which 
form  with  each  other  and  the  anterior  ciliary  arteries  a  vascular 
circle  {circulus  viajor)  ;  from  this  circle  numerous  small  branches 
pass  inwards  and  form  another  circle  {circtUiis  niiyio?)  of  anasto- 
mosis, which  terminates  in  the  veins  of  the  iris.  The  anterior 
ciliary  arteries,  five  or  six  in  number,  are  derived  from  the 
muscular  and  lachrymal  branches  of  the  ophthalmic  artery,  and 
ramify  on  the  tendons  of  the  recti  muscles  (p.  774),  where  they 
pierce  the  sclerotic  about  the  \^'Ci\  of  an  inch  (2  t7tvi.)  behind 
the  margin  of  the  cornea.  These  vessels  supply  the  ciliary 
processes  and  iris,  and  join  the'circulus  major :  it  is  from  their 
enlargement  that  the  red  zone  round  the  cornea  is  produced  in 
inflammation  of  the  iris. 

The  veins  follow  the  same  arrangement  as  the  arteries,  and 
communicate  as  stated  (p.  778)  with  the  canal  of  Schlemm. 

The  nerves  of  the  iris  come  from  the  nasal  branch  of  the 
ophthalmic  nerve,  and  by  twelve  to  fifteen  branches  from  the 
lenticular  ganglion.  They  pierce  the  sclerotic  around  the  en- 
entrance  of  the  optic  nerve,  and  run  forwards  between  the 
sclerotic  and  the  choroid  as  far  as  the  ciliary  muscle.  On  the 
choroid  they  form  a  gangliated  plexus  which  lies  in  connection 

*  The  circular  fibres  of  the  iris  in  the  bird  are  of  the  striped  variety,  and  dis- 
cernible without  difficulty. 
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with  and  among  the  blood-vessels.  In  the  ciliary  muscle  the 
nerves  form  another  plexus,  from  which  numerous  non-medul- 
lated  fibrils  are  given  off  to  terminate  in  the  muscular  tissue  of 
the  iris.  The  sphincter  iridis  is  supplied  through  the  motor 
root  of  the  lenticular  ganglion  which  is  derived  from  the  third 
nerve ;  the  dilatator  iridis  is  supplied  by  the  sympathetic 
system. 


Fig.  304.  —  Horizontal  Section  of  Eye  Showing  the  Blood-vessels. 

a,  a.  Short  posterior  ciliary,  b.  Long  posterior  ciliary,  c.c/.  Anterior  ciliary  artery  and  vein. 
d,  d' .  Artery  and  vein  of  conjunctiva,  e ,  e'.  Central  artery  and  vein  of  retina.  _/.  r.lood- 
vessels  of  the  inner,  and  g-,  of  the  outer  optic  sheath,  k.  Vorticose  vein.  t.  Po-terior  short 
ciliary  vein  confined  to  the  sclerotic,  k.  Branch  of  the  jiosterior  short  ciliary  artery  to 
the  optic  nerve.  /.  Anastomosis  of  the  choroidal  vessels  with  those  of  the  optic,  tii.  Chorio- 
capillaris.  «.  Episcleral  branches,  o.  Recurrent  choroidal  artery,  /l.  Great  circular  artery  of 
iris  (transverse  section),  q.  Wood-vessels  of  the  iris.  r.  (,'ili.iry  process,  s.  Branch  of  a  vor- 
ticose vein  from  the  ciliary  muscle.  /.  Branch  of  the  anterior  ciliary  vein  to  the  ciliary  muscle. 
«.  Circular  vein.  v.  Marginal  loops  of  vessels  on  the  cornea,  w.  Anterior  artery  and  vein  of 
the  conjunctiva.  « 

Membrana  Pupillaris.  —  Until  the  seventh  or  eighth  month 
of  ffjetal  life,  the  i)iii)i]  is  closed  by  a  transparent,  vascular  mem- 
brane, the  membrana  pupillaris,  so  that  the  anterior  and  pos- 
terior chambers  arc  divided  fnjm  each  tjlhcr  by  this  membrane. 


784  RETINA. 

Its  vessels,  derived  from  those  of  the  iris  and  capsule  of  the 
lens,  are  arranged  in  loops  which  converge  towards  the  centre 
of  the  membrane  without  joining  each  other.  About  the  eighth 
month  this  membrane  becomes  gradually  absorbed,  so  that  at 
birth  it  is  completely  lost. 

Retina.  —  To  obtain  a  view  of  the  retina,  the  choroid  coat 
must  be  carefully  removed  while  the  eye  is  under  water ;  this 
should  be  done  with  the  forceps  and  scissors  on  a  fresh  eye. 
When  the  choroid  is  thus  removed,  there  will  be  seen  on  its 
inner  surface  a  layer  of  pigmented  cells,  which  has  been  already 
referred  to  as  really  the  external  layer  of  the  retina,  and  not  in 
any  way  part  of  the  choroid  coat.  The  optic  nerve,  having 
entered  the  interior  of  the  globe  through  the  sclerotic  and  the 
choroid,  expands  into  the  delicate  nerve  layer,  called  the  retina, 
which  forms  the  third  tunic  of  the  globe.  The  retina  is  in  con- 
tact, externally,  with  the  choroid  ;  internally,  with  the  hyaloid 
membrane,  which  separates  it  from  the  vitreous  ;  and  it  ex- 
tends forwards  nearly  to  the  posterior  margin  of  the  ciliary  pro- 
cesses, where  it  terminates  in  a  thin  serrated  border  —  the  ora 
serrata ;  from  this  border  a  thin  membrane  — pars  ciliaris 
retince — destitute  of  nerve  fibres,  is  continued  forwards  to  the 
tips  of  the  ciliary  processes,  and  thence  to  the  posterior  surface 
of  the  iris. 

In  passing  through  the  coats  of  the  eye,  the  optic  nerve  be- 
comes gradually  constricted  and  reduced  to  one-half  of  its  diam- 
eter ;  here  it  presents  a  round  disk,  called  the  poms  opticus, 
in  the  centre  of  which  may  be  seen  the  arteria  centralis  retinae. 
At  this  point,  too,  the  nerve-substance  projects  slightly  into  the 
interior  of  the  globe,  forming  a  little  prominence,  to  which  the 
term  colliailus  tiei'vi  optici  has  been  applied.  This  prominence 
is  remarkable,  in  that  it  is  insensible  to  the  rays  of  light,  and  is 
hence  called  the  '  blind  spot.' 

The  retina  when  fresh  is  nearly  transparent,  but  soon  it  be- 
comes of  a  pink  milky  tint.  Precisely  opposite  the  pupil,  in  the 
centre  of  the  axis  of  vision,  there  is  an  oval  yellow  spot,  macula 
hitea,  in  the  retina,  about  J-^th  of  an  inch  {I.2  mm.)  in  diameter, 
having  a  depression, /(PT/^fa:  centralis,  in  the  centre,  and  fading 
off  gradually  at  the  edges. 

Here  vision  is  most  perfect,  so  that  it  might  be  called  the 
"spot  of  light."  This  central  spot  was  believed  by  its  dis- 
coverer, Sommering,  to  be  a  perforation  ;  but  it  is  now  ascer- 
tained to  be  due  to  the  pigmentary  layer  of  the  iretina  showing 
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through  it.  These  appearances  are  lost  soon  after  death,  and 
are  replaced  by  a  minute  fold,  into  which  the  retina  gathers 
Itself,  reaching  from  the  centre  of  the  spot  to  the  prominence 
of  the  optic  nerve.* 

Structure.  —  Although  to  the  naked  eye  the  retina  appears 
a  simple,  soft,  semi-transparent  membrane,  yet  when  examined 
under  the  microscope  it  is  found  to  be  most  minutely  and  elabo- 
rately organized.  It  varies  in  thickness  from  the  5^0^^  ^^  ^^^^ 
Y^pth  of  an  inch  (.^5  to  .1^  mm.),  being  thickest  behind,  and 
gradually  diminishes  towards  the  front.  It  consists  of  eight 
layers,  through  which  may  be  traced  a  considerable  amount  of 
extremely  delicate  connective  tissue  {fibres  of  Miiller),  which  con- 
stitutes a  sustentacular  tissue  for  the  various  strata,  and  is  said 
to  form  for  them  two  more  or  less  continuous  boundary  layers, 
termed  niembrancB  limit  antes  interna  and  externa,  and  which 
are  classed  by  some  anatomists  as  two  additional  layers.  The 
layers  of  the  retina  are  as  follows,  beginning  from  within  :  — 

1.  The  layer  of  nerve  fibres. 

2.  The  ganglionic  layer. 

3.  The  inner  molecular  layer. 

4.  The  inner  nuclear  layer. 

5.  The  outer  molecular  layer. 

6.  The  outer  nuclear  layer. 

7.  The  layer  of  rods  and  cones. 

8.  The  pigmentary  layer. 

The  membranae  limitantes  are  situated  as  follows :  the  inter- 
nal stratum  lies  on  the  inner  surface  of  the  layer  of  nerve-fibres  ; 
the  external,  between  the  outer  nuclear  layer  and  the  layer  of 
rods  and  cones. 

The  /ayer  of  nerve-fibres  (Fig.  305,  i)  is  composed  of  the  spreading  out  of  the 
optic  nerve  fibres,  and  of  connective  tissue  cells.  The  nerve-fibres,  consisting 
only  of  the  axis-cylinders,  run  forwards  as  a  continuous  layer  to  the  ora  serrata, 
partly  arranged  in  bundles  and  partly  in  plexuses,  and  become  connected  with 
the  nerve-cells  of  the  next  layer.     The  fibres  are  almost  absent  on  the  yellow  spot. 

2.  Tht ganglionic  layer  (Fig.  305,  2)  is  a  stratum  of  spheroidal  nerve-cells ;  from 
the  deeper  part  of  each  cell  there  is  given  off  a  single  elongated  process,  which 
passes  obliquely  into  the  nerve-fibre  layer,  with  which  it  becomes  continuous; 
from  the  outer  side  of  the  cell  two  or  more  piocesses  are  given  off,  which  branch 
dichotomously  and  become  at  first  embedded  and  then  lost  in  the  inner  molecular 
layer.  The  ganglionic  cells,  which  in  the  greater  part  of  the  stratum  form  a  single 
layer,  are  at  the  yellow  spot  arranged  eight  or  ten  deep,  and  in  its  neighborhood 
two  or  three  deep. 

3.  The  inner  molecular  layer  (Fig.  305,  3)  is  a  granular  stratum  of  considerable 
thickness  which  exhibits,  under  high  powers,  a  recticular  structure,  having  small 

*  In  birds  the  retina  has  throughout  the  yellowish  color  seen  only  at  one 
part  in  the  human  eye. 
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interstices  filled  probably  with  lymph.  In  it  are  found  the  processes  of  the  nerve 
cells  of  the  preceding  layer,  which  pass  outwards  for  a  considerable  distance, 
some  varicose  filaments  which  pass  inwards  from  the  next  layer ;  and  some  Miil- 
lerian  fibres  which  pass  through  this  layer.     Other  cells,  like   those  found  in  the 

nerve-fibre  and  ganglionic  layers,  are  also 
found  in  this  stratum,  chiefly  on  its  sur- 
faces. 

4.  The  inner  7iitc!ear  layei'  (Fig.  305,  4) 
contains  three  kinds  of  cells,  and  some 
fibres  which  belong  to  the  Miillerian  or 
connective  tissue  fibres  of  the  retina.  The 
first  kind  consists  of  oval  bipolar  cells 
placed  longitudinally,  and  having  a  distinct 
nucleus  and  nucleolus ;  from  the  inner  ex- 
tremities of  these  cells  there  extend  long 
varicose,  thin  processes  which  pass  verti- 
cally downwards,  without  division,  into  the 
inner  molecular  layer,  and  are  presumably 
connected  with  the  processes  of  the  gan- 
glionic layer  and  thence  with  the  nerve- 
fibres  ;  from  the  outer  extremities  of  the 
cells  pass  processes,  thicker  than  the  ones 
just  described  and  not  varicose,  which  pass 
to  the  next  layer  and  there  break  up  into 
numerous  filamentous  processes.  The 
second  kind  of  cells  are  small,  granular, 
protoplasmic  cells,  which  are  confined  to 
the  deeper  part  of  this  layer;  and  the  third 
kind,  similar  in  their  appearance,  are  dis- 
posed here  and  there  in  the  most  external 
stratum  of  the  inner  nuclear  layer.  The 
course  which  the  Miillerian  fibres  take 
through  this  layer  will  be  described  later 
on. 

5.  The  outer  molecular  or  intermiclear 
layer  (Fig.  305,  5)  resembles  in  most  re- 
spects the  inner  molecular  layer,  but  is 
much  thinner.  It  contains,  however,  nu- 
merous flattened,  branched  cells,  having 
well-marked  nuclei  and  nucleoli,  and  whose 
fine  branching  processes  exhibit  varicosi- 
ties in  their  course,  resembling  nerve-fibrils. 
Whether  these  are  nerve-fibres  or  only  the 
fibres  of  the  sustentacular  tissue  is  at  pres- 
ent not  determined ;  but  this  layer,  as 
well  as  those  already  described,  is  de- 
veloped in  the  same  manner  as  those  of 
the  brain,  so  that  probably  these  fibres  are 
nerve-fibrils. 

6.  The  outer  nuclear  layer  (Fig.  305,  6)  consists  of  a  thick  stratum  of  nucleated 
cells,  having  outward  and  inward  prolongations,  which  may  be  recognized  as 
connected  respectively  with  the  rods  and  cones  of  the  next  layer.  The  rod- 
granules  are  the  most  numerous,  and  each  presents  an  oval  cell,  which  has  a  well- 
marked  transverse  striation,  due  to  the  highly  refracting  substance  being  crossed 
by  disks  of  a  less  refracting  medium.  There  are  usually  two,  one  on  each  side  of 
the  middle  of  the  cell.  From  this  enlargement  one  varicose  filament  passes  in- 
wards and  becomes  connected  with  the  outer  molecular  layer  by  a  dilatation,  from 


Fig.  305.  —  Diagram  of  the  Various 
Layers  of  the  Retina.  {A/ter 
Schwalbe.) 

I.  Layer  of  nerve-fibres,  Merabrana  liraitans 
interna.  2.  Layer  of  nerve-cells.  3. 
Inner  molecular  layer.  4.  Inner  nuclear 
layer.  5.  Outer  molecular  layer.  6.  Outer 
nuclear  layer.  7.  Layer  of  rods  and  cones. 
(Membrana  Jacobi.)  Membrana  limitans 
ext.    8.  Layer  of  pigment  cells. 


RETINA,  •       787 

which  numerous  filaments  pass  inwards;  the  other  extremity  is  thicker,  not  vari- 
cose, and  passes  outwards  towards  the  membrana  limitans  externa,  where  it 
becomes  somewhat  expanded,  and  then  becomes  continuous  with  a  rod.  The 
cone-graniiUs  are  fewer,  and  each  has  an  oval  nucleated  cell,  which  presents  no 
transverse  striation  characteristic  of  the  rod  granule.  The  cell  is  situated  close 
to  the  membrana  limitans  externa,  and  rests  upon  a  thick  cone-fibre,  much  thicker 
than  a  rod-fibre,  which  enlarges  as  it  approaches  the  outer  molecular  layer,  upon 
which  it  rests  by  a  pyramidal  base.  From  this  base  numerous  fine  processes  are 
given  off  into  the  molecular  layer ;  the  outer  extremity  is  very  short  and  broad, 
and  supports  the  base  of  a  cone. 

7.  The  layer  of  rods  and  cones,  hasillary  layer  ox  Jacob's  membrane  (Fig.  305, 
7),  is  composed  of  minute  cylindrical  elements,  arranged  at  right  angles  to  the 
surface  of  the  retina.  The  rods,  the  more  numerous,  are  tapering  processes  run- 
ning through  the  whole  thickness  of  this  layer,  and,  externally,  are  embedded  to 
a  greater  or  less  depth  in  the  pigmented  layer,  so  that  when  viewed  from  without 
they  have  the  appearance  of  a  mosaic  pavement  made  up  of  round  segments. 
Among  the  rods  are  intermingled  numerous  shorter,  flask-shaped  bodies  called 
cones,  which  do  not  extend  through  more  than  half  the  thickness  of  this  layer. 
Their  outer  extremities  taper  off  towards  the  choroid ;  their  inner  or  broad  ends, 
like  the  rods,  rest  upon  the  membrana  limitans  externa,  and  thence  are-connected 
with  the  outer  nuclear  layer.  Each  rod  and  cone  consists  of  two  segments  of 
equal  lengths;  the  inner,  in  the  case  of  the  cones,  very  broad  and  bottle-shaped, 
of  the  rods  only  slightly  bulged ;  the  outer,  fine  and  tapering  off.  The  two  seg- 
ments vary  in  their  microscopic  appearance  and  in  relations  to  reagents  ;  the  outer 
segments  of  both  have  a  transverse  striation,  and  break  up  in  the  direction  of  this 
striation  ;  the  inner  segments  are  composed  externally  of  longitudinal  fibrill^e, 
internally  of  finely  granular  homogeneous  substance  continuous  with  the  rod  or 
cone  fibre.  The  inner  segments  are  deeply  stained  by  carmine,  iodine,  etc.,  the 
outer  segments  not  by  the  same  reagents,  but  are  by  osmic  acid.  The  rods  are 
absent  at  the  yellow  spot. 

8.  The  pigmentary  layer  (Fig.  305,  8)  is  usually  described  as  forming  part  of 
the  choroid  coat,  but  it  should,  both  developmentally  and  physiologically  be  included 
as  one  of  the  layers  of  the  retina.  It  consists  of  a  single  layer  of  hexagonal  nu- 
cleated cells  filled  with  pigment-granules,  which  are  most  numerous  towards  the 
margins  of  the  cells.  The  surface  of  the  cells  which  looks  towards  the  choroid  is 
smooth  and  destitute  of  pigment-granules,  and  it  is  here  that  the  nucleus  is  situ- 
ated ;  the  surface  towards  Jacob's  membrane  is  filled  with  pigment,  which  is  not 
well  defined,  but  runs  down  among  the  rods,  so  that  their  outer  part  is  embedded 
among  the  pigment-cells.  The  use  of  the  pigment  is  to  absorb  the  rays  of  hght 
which  pass  through  the  retina,  and  thus  prevent  their  being  reflected.  It  serves 
the  same  purpose  as  the  black  point  with  which  the  inside  of  optical  instruments 
is  darkened.  Albinoes,  in  whom  this  layer  has  little  or  no  pigment,  are,  conse- 
qu'intly,  dazzled  by  daylight  and  see  better  in  the  dusk.* 

The  sustentacnlar  (issue  (Milllcrian  fibres)  is  a  tissue  which  runs  through  the 
greater  thickness  of  the  retina,  beginning  at  the  so  called  membrana  limitans  in- 
terna, and  ending  at  the  membrana  limitans  externa;  but  in  neither  of  these  two 
situations  does  it  form  a  continuous  layer,  so  that  it  cannot  be  classed  under  the 
layers  forming  the  retina.  These  fibres  are  probably  of  the  nature  of  a  delicate 
connective  tissue,  which  .serves  to  sustain  the  various  layers  and  their  constituent 
elements.  Each  fibre  begins  by  a  broad  conical  base,  on  the  deeper  aspect  of  the 
layer  of  nerve-fibres  (the  bases  of  these  fibres  being  more  or  less  in  connection  with 

*  In  many  of  the  nocturnal  carnivorous  quadrupeds,  the  inner  surface  of  the 
choroid  at  the  bottom  of  the  eye  presents  a  brilliant  color  and  metallic  lustre.  It 
is  called  the  tapelum.  I5y  reflecting  the  rays  of  light  a  second  time  through  the 
retina,  it  probably  enables  the  animal  to  see  Ijetter  in  the  dusk.  It  is  the  cause  of 
the  well-known  glare  of  the  eyes  of  cats  and  other  animals;  and  the  great  breadth 
of  the  luminous  appearance  arises  from  the  dilatation  of  the  pupil. 
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each  other)  ;  it  then  passes  through  the  layers  of  nerve-fibres  and  ganglionic  cells, 
and  consequently  the  inner  molecular  layer,  gradually  diminishing  in  thickness ; 
on  reaching  the  inner  nuclear  layer  it  gives  off  thin  filamentous  processes  which 
support  the  stnictures  of  this  stratum,  presenting  here  a  lateral  bulge  with  a  well- 
marked  nucleus.  After  passing  through  the  outer  molecular  layer  it  reaches  the 
outer  nuclear  layer,  and  then  breaks  up  into  filaments  which  join  with  fibrils  from 
other  Miillerian  fibres,  thus  enclosing  and  supporting  the  cells  and  their  prolonga- 
tions of  this  layer.  These  filamentous  offsets  reach  as  far  as  the  bases  of  the  rods 
and  cones,  forming  a  bed  on  which  they  rest ;  this  is  described  as  the  membrana 
limitans  externa. 

The  strticttire  of  the  macula  hitea  and/ovea  centralis  (Fig.  306).  —  In  the  macula 
lutea,  the  nerve-fibres  do  not  form  a  continuous  layer  ;  the  ganglionic  layer  con- 
sists of  cells  six  to  eight  deep;  there  are  no  rods;  the  cones  are  longer  and  nar- 
rower than  elsewhere:  and  the  outer  nuclear  layer  has  only  conefibres.  In  the 
fovea  cettiralis  there  are  no  rods,  and  the  cones  are  longer  than  in  the  macula  and 
all  the  other  layers  are  much  thinned.  At  the  margin  of  the  fovea  mo'^i  of  the 
layers  are  thicker  than  elsewhere. 


Fig.  306.  —  Section  of  the  Fovea  Centralis. 

a.  Cones,     b,  and^.  Internal  and  external  limiting  membrane,     c.  External  and  e.  Internal  nuclear 
layer,     d.   Fibres,    f.  Nerve-cells. 


The  structure  of  the  ora  serrata  is  much  less  complex  than  the  other  parts  of 
the  retina;  the  layer  of  rods  and  cones  disappears,  the  former  first  of  all;  the 
ganglionic  and  nerve  fibre  layers  become  thin  and  then  cease ;  the  inner  molecular 
layer  loses  much  of  its  granular  appearance,  and  is  largely  formed  of  sustentacular 
tissue,  and  then  abruptly  ceases ;  the  inner  and  outer  nuclear  layers  become  thinner, 
and  then  gradually  merge  into  a  single  layer,  which  is  continued  on  tothe^arj- 
ciliaris  as  a  single  stratum  of  columnar  epithelial  cells. 

The  arteria  centralis  rethice,  after  emerging  through  the  porus 
opticus,  divides  into  two  branches  —  an  tipper  and  a  lower — 
which  then  form  a  dehcate  network  of  blood-vessels  throughout 
the  nerve-fibre  layer,  penetrating  as  far  as  the  inner  nuclear 
layer,  beyond  which  no  capillaries  can  be  traced.  After  macer- 
ation in  water,  the  nervous  substance  can  be  removed  with  a 
camel's-hair  brush,  and  then  in  an  injected  eye  the  network 


THE    VITREOUS    BODY    AND    THE    HVALOID    MEMBRANE.       789 

formed  by  the  vessels  can  be  distinctly  seen.  The  arteries  of 
the  retina  do  not  communicate  directly  with  the  choroidal 
vessels. 

Aqueous  Humor.  —  The  aqueous  humor  consists  of  a  few 
drops  of  an  alkaline  clear  watery  fluid,  which  fills  the  space 
between  the  cornea  and  the  lens.*  The  iris  lies  in  it,  and 
divides  the  space  into  two  chambers  of  unequal  size  —  an  an- 
terior and  a  posterior.  The  posterior  is  much  the  smaller  of  the 
two :  indeed,  the  iris  rests  on  the  capsule  of  the  lens,  so  that, 
strictly  speaking,  there  is  no  interval  between  the  opposed  sur- 
faces, except  a  triangular  interval  bounded  by  the  attachment 
of  the  iris,  the  ciliary  processes,  and  the  zone  of  Zinn.  This 
accounts  for  the  frequent  adhesions  which  take  place  during 
inflammation  of  the  iris,  between  the  iris  and  the  capsule  of 
the  crystalline  lens.f  A  delicate  layer  of  epithelium  covers 
the  posterior  surface  of  the  cornea,  but  nothing  like  a  continu- 
ous membrane  can  be  demonstrated  on  the  iris  or  the  capsule 
of  the  lens.  The  anterior  chamber  is  remarkable  for  the  ra- 
pidity with  which  it  absorbs  and  secretes  ;  as  is  proved,  in  the 
one  case,  by  the  speedy  removal  of  extravasated  blood  ;  in  the 
other,  by  the  rapid  reappearance  of  the  aqueous  humor  after 
the  extraction  of  a  cataract. 

The  Vitreous  Body  and  the  Hyaloid  Membrane.  —  The 
vitreous  body  is  a  transparent,  gelatinous-looking  substance, 
which  fills  up  nearly  four-fifths  of  the  interior  of  the  globe 
(Fig  301).  It  can  be  easily  separated  from  the  retina,  except 
at  the  optic  disk ;  in  front  it  presents  a  deep  depression,  in 
which  the  crystalline  lens  is  embedded.  It  is  surrounded,  ex- 
cept in  front,  by  a  delicate  transparent  membrane  —  the  hyaloid 
membrane — which  forms  a  capsule  for  the  vitreous  body,  and 
is  sufficiently  strong  to  keep  it  in  shape  after  the  stronger 
tunics  of  the  eye  have  been  removed. 

When  the  vitreous  humor  has  been  hardened  in  chromic  acid  it  is  rendered 
somewhat  opaque,  and  presents,  especially  at  its  outer  part,  a  lamellar  appearance. 
It  consi.sts  of  a  fluid  contained  in  the  meshes  of  a  cellular  structure,  which  com- 
municate freely  with  each  other;  for  if  any  part  of  it  be  punctured,  the  humor 
gradually  drains  away.J  If  examined  carefully,  the  lamellation  is  seen  to  be  ar- 
ranged concentrically,  the  layers,  as  they  approach  the  centre,  becoming  less  firm 
in  consistence.  The  vitreous,  moreover,  on  a  transverse  section,  shows  a  radial 
striation,  but  whether  this  exists  naturally,  or  is  the  result  of  post-mortem  changes, 

*  The  solid  constituent  is  mainly  composed  of  chloride  of  sodium, 
t  Some  anatomists  describe  the  anterior  chamber  as  lined  by  a  serous  mem- 
brane called  the  membrane  of  the  aqueous  humor. 

t  This  is  composed  mainly  of  water,  with  albuminate  of  soda  and  mucin. 
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or  from  chemical  reagents,  is  not  known.  Running  through  the  middle  from  before 
backwards  is  a  small  canal — canal  of  Stilling — about  i  mm.  in  diameter,  which 
contains  fluid,  and  is  broader  behind  than  in  front ;  this  in  the  foetus  lodges  a 
small  branch  of  the  retinal  artery,  which  ramifies  on  the  back  of  the  capsule  of  the 
lens. 

The  hyaloid  membrane  surrounds  the  vitreous  body,  except 

in  front,  and  passes  from  the  anterior  border  of  that  body  to 

the  margin  of  the  lens,  forming  the  siispensory  ligament  of  the 

lens,   and   known    as    the  zo7ie   of  Zmn. 

This    is    best   exposed  by   removing  the 

ciliary  processes.     It  appears  as  a  dark, 

radiating  disk,  and  the  surface  is  marked 

by   prominent    ridges,   which    correspond 

with    the    intervals    between    the    ciliary 

processes  (Fig.  307).    These  intervals  are 

Fig.  307.-ar^^^^f  the     vcv  life  filled  with  fluid,  and  perhaps  with 

^^'^''''^'  the  vitreous.    The  hyaloid  membrane,  with 

Canal  of  Petit  (inflated^.    Zone       .\  .•  r    j-i  t  , 

of  zinn  (exaggerated).  thc  cxccption  ot  the  suspcnsory  ligament, 

is  a  structureless  membrane,  but  the  liga- 
ment presents  a  structure  consisting  in  part  of  longitudinal 
elastic  fibres.  Beneath  the  membrane,  on  its  inner  surface,  are 
numerous  granular  nucleated  cells,  which  exhibit  amoeboid 
movements.  The  ligament  assists  in  maintaining  the  lens  in 
its  proper  position,  and  is  firmly  connected  with  its  capsule. 

Canal  of  Petit.  —  If  the  transparent  membrane  between 
the  zone  of  Zinn  and  the  margin  of  the  lens  be  carefully  punc- 
tured, and  the  point  of  a  small  blowpipe  gently  introduced,  and 
air  or  fluid  injected,  we  may  succeed  in  inflating  a  canal  which 
encircles  the  lens  :  this  is  the  ca?tal  of  Petit  (Fig.  307).  It  is 
triangular  in  section,  and  bounded  in  front  by  the  suspensory 
ligament  of  the  lens ;  behind,  by  the  vitreous  body ;  and  its 
base,  by  the  capsule  of  the  lens.  When  inflated,  it  becomes 
sacculated,  as  in  Fig.  307,  owing  to  the  foldings  on  the  front 
surface  of  the  lens. 

Crystalline  Lens. — The  crystalline  lens  (Fig.  301)  is  a 
perfectly  translucent  solid  body,  situated  immediately  behind 
the  pupil,  partly  embedded  in  the  vitreous  body,  and  completely 
surrounded  by  a  capsule  equally  translucent.  It  is  convex  on 
both  sides,  but  more  so  behind.  In  early  life  it  is  nearly 
spherical  and  soft,  but  it  becomes  more  flattened,  firmer,  and 
amber-colored  with  advancing  age.  In  the  adult  its  trans- 
verse diameter  is  about  one-third  of  an  inch  (g  mm.) ;  its  an- 
tero-posterior,  one-seventh  of  an  inch  (J.7  mm.) 
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The  capsule  of  the  lens  is  a  transparent,  elastic,  and  brittle 
membrane.  It  resembles  in  structure  the  elastic  layer  of  the 
cornea,  and'  is  much  thicker  in  front  than  behind ;  in  front,  it 
is  in  contact  with  the  posterior  surface  of  the  iris ;  behind, 
it  rests  in  the  depression  of  the  vitreous  body.  The  capsule 
in  front  is  separated  from  the  lens  by  a  layer  of  polygonal 
nucleated  cells,  and,  after  death,  a  layer  of  fluid  is  interposed 
between  the  capsule  and  the  lens,  constituting  the  liquor  Mor- 
gagni ;  behind,  no  such  layer  of  epithelium  exists.  No  vas- 
cular connection  whatever  exists  between  the  lens  and  its 
capsule.*  The  lens  protrudes  directly  the  capsule  is  sufficiently 
opened. 

Structure  of  the  Lens.  —  The  minute  structures  of  the  lens  can  only  be  made 
out  after  being  hardened.  It  is  soft,  almost  gelatinous  in  consistence  outside,  but 
each  successive  concentric  layer  becomes  more  dense,  so  that  the  central  part  is 
hard,  and  constitutes  the  iiiuleus.  It  is  seen  to  be  divided  into  three  equal  parts, 
by  three  lines,  which  radiate  from  the  centre  to  within  one-third  of  the  circum- 
ference. Each  of  these  portions  is  composed  of  numerous  concentric  layers,  ar- 
ranged one  within  the  other,  like  the  coats  of  an  onion.  If  any  single  layer  be 
examined  with  the  microscope,  it  is  seen  to  be  composed  of  fibres,  running  in  a 
curved  direction,  and  connected  together  by  finely  serrated  edges.  On  the  trans- 
verse section  the  lens-fibres  are  found  to  be  hexagonal  prisms,  with  very  little  con- 
necting substance.  Between  the  front  of  the  lens  and  its  capsule  is  a  layer  of 
flattened  cells  with  well-marked  eccentric  nuclei.  The  beautiful  dove-tailing  of 
the  fibres  of  the  lens  was  first  pointed  out  by  Sir  David  Brewster ;  and  to  see  it 
in  perfection,  one  ought  to  examine  the  lens  of  the  codfish. 

The  function  of  the  lens  is  to  bring  the  rays  of  hght  to  a  focus  upon  the  retina.! 

*  The  vessel  of  the  capsule  of  the  lens  is  derived  from  the  arteria  centralis 
retinae,  and  in  mammalia  can  only  be  injected  in  the  foetal  state.  In  the  reptiHa, 
however,  the  posterior  layer  of  the  capsule  is  permanently  vascular.  This  small 
artery  passes  forwards  through  the  canal  of  Stilling  to  the  posterior  part  of  the 
capsule  of  the  lens,  on  which  it  radiates  into  numerous  small  branches,  communi- 
cating with  branches  in  the  iris  and  pupilary  membrane. 

t  The  lens  contains  about  60  per  cent,  of  water,  and  30  per  cent,  o^  albu- 
minoids. 


DISSECTION  OF  THE   ORGAN  OF 
HEARING. 

The  parts  constituting  the  organ  of  hearing  should  be  ex- 
amined in  the  following  order  :  (i)  the  outer  cartilage  or  pinna  ; 
(2)  the  meatus  auditorius  externus  ;  which  leads  to  (3)  the  tym- 
panum or  middle  ear ;  and  (4)  the  labyrinth  or  internal  ear, 
comprising  the  vestibule,  cochlea,  and  semicircular  canals,  which 
contain  the  distribution  of  the  auditory  nerve. 

Pinna.  —  The  pinna  or  auricle  consists  of  yellow  fibro-car- 
tilage  covered  with  integument,  and  is  irregularly  concave  to 
receive  the  undulations  of  sound.  It  is  unevenly  oval,  and 
presents  on  its  external  aspect  numerous  eminences  and 
hollows,  which  have  received  the  following  names  :  —  The  cir- 
cumferential folded  border  is  called  the  helix ;  the  ridge  within 
it,  the  antiJielix ;  between  these  is  a  curved  groove,  called  the 
fossa  of  the  helix.  The  antihelix  bifurcates  towards  the  front 
and  encloses  the  fossa  of  the  antiJielix  [fossa  scaphoidea).  The 
conical  eminence  in  front  of  the  meatus  is  termed  the  tragus, 
on  which  some  hairs  are  usually  found.  Behind  the  tragus,  and 
separated  from  it  by  a  deep  notch  {incisnra  intertragica),  is  the 
antitragiLS.  The  lobnla  is  the  soft  pendulous  part  placed  below 
the  concha,  and  consists  of  fat  and  fibrous  tissue.  The  deep 
hollow,  which  collects  the  vibrations  of  sound,  and  conveys 
them  into  the  external  meatus,  is  termed  the  concha. 

Structure.  —  The  pinna  is  composed  of  yellow  fibro-carti.- 
lage,  with  some  fat  and  connective  tissue,  covered  with  integu- 
ment, and  attached  to  neighboring  parts,  partly  by  fibrous 
tissue  and  partly  by  muscles. 

The  skin  is  very  thin,  intimately  adherent  to  the  subjacent 
cartilage,  and  provided  with  numerous  sebaceous  glands,  found 
chiefly  in  the  scaphoid  fossa  and  the  concha. 

The  cartilage  is  a  single,  uneven  plate  of  fibro-cartilage,  which 
presents  all  the  irregularities  of  the  external  ear.  The  cartilage 
is  incomplete,  for  there  is  a  deficiency  behind  the  tragus  at  the 
bottom  of  the  concha,  which  is  filled  up  with  fibrous  tissue.  It 
has  a  tubular  prolongation  inwards,  which  forms  the  external 
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part  of  the  meatus  auditorius  externus.  The  cartilage  presents 
several  fissures  [Jissurcs  of  Saniorini)  at  the  anterior  part  of  the 
tubular  prolongation,  which  are  completed  by  fibrous  tissue. 
In  the  front  part  of  the  pinna,  where  the  helix  makes  its  first 
bend,  is  a  conical  projection  of  cartilage,  termed  the  process  of 
the  helix.  The  lobule,  attached  to  the  low^er  part  of  the  pinna, 
is  a  rounded  projection  formed  of  fat  and  connective  tissue;  it 
is  this  which  enlarges  with  age  and  obesity  of  the  subject. 

Ligaments.  —  The  ligaments  are  :  the  anterior  ligament, 
broad  and  strong,  which  passes  from  the  process  of  the  helix 
to  the  root  of  the  zygoma  ;  the  posterior  ligament,  which  extends 
from  the  cranial  surface  of  the  concha  to  the  mastoid  process 
of  the  temporal  bone.  There  are  also  intrinsic  ligaments  which 
bridge  over  and  fill  up  the  deficiencies  in  the  pinna. 

Muscles  of  the  Pinna.  —  The  muscles  which  move  the  cartilage  of  the  ear 
as  a  whole,  have  been  described  (page  21).  Other  small  muscles  extend  from  one 
part  of  the  cartilage  to  another;  but  they  are  so  indistinct  that,  unless  the  subject 
be  very  muscular,  it  is  ditificult  to  make  them  out.  The  following  six  —  four  on 
the  front  of  the  auricle  and  two  behind  it  — are  usually  described  :  — 

{a)  The    muscttliis  major  helicis  runs  vertically  along  the  front  margin  of  the 
helix:  it  arises  below  from  the  process  of  the  helix,  and  is  inserted  into 
the  curve  of  the  helix  as  it  passes  backwards. 
(b)  The  musculiis  jninor  helicis,  an   oblique   muscle,  lies   over   that   part  of 

the  helix  which  is  connected  with  the  concha. 
(r)  The  mtiscnliis  tra^iciis  lies  vertically  over  the  outer  surface  of  the  tragus. 
{d)  The  miisciihis  antitragicus  passes  transversely  from  the  antitragus  to  the 

lower  part  of  the  tail-like  process  of  the  helix  behind  the  lobule. 
(^)   The  transversits  auricultE  \s  on  the  cranial  aspect  of  the  pinna;  it  passes 
nearly  transversely  from  the  back  of  the  concha  to  the  prominence 
corresponding  to  the  fossa  of  the  helix. 
{/)  The  obliquHS  aiiris  extends  vertically  from   the   cranial    aspect    of   the 
concha  to  the  convexity  below  it. 

The  arteries  of  the  pinna  are  derived  from  the  posterior  auri- 
cular, and  from  the  auricular  branches  of  the  temporal  and 
occipital.  The  veins  empty  themselves  into  the  temporal  vein. 
The  nerves  are  furnished  by  the  great  auricular  branch  of  the 
superficial  cervical  plexus,  the  auriculo-temporal  branch  of  the 
inferior  ma.xillary,  the  posterior  auricular  branch  of  the  facial, 
and  the  auricular  branch  of  the  pneumogastric. 

Meatus  Auditorius  Externus. — This  oval  passage  leads 
down  to  the  membrana  tympani,  and  conveys  the  vibrations  of 
sound  to  the  tympanum.  It  is  about  an  inch  and  a  quarter 
(J./  cm.)  in  length  ;  its  external  opening  is  longest  in  its  verti- 
cal direction  :  its  termination  is  broadest  in  its  transverse.  The 
canal  inclines  at  first  upwards  and  forwards,  and  then  curves  a 
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little  downwards.*  Its  floor,  owing  to  the  oblique  direction  of 
the  membrani  tympani,  is  a  little  longer  than  the  roof.  It  is 
not  of  equal  calibre  throughout,  the  narrowest  part  being  about 
the  middle  ;  hence  the  difficulty  of  extracting  foreign  bodies 
which  have  passed  to  the  bottom  of  the  canal.  It  is  formed, 
partly  by  a  tubular  continuation  of  the  cartilage  of  the  pinna, 
partly  by  an  osseous  canal  in  the  temporal  bone. 


Fig.  308.  —  Vertical  Section  of  Ear. 

I.  Pinna  or  Auricle.  2.  Concha  with  orifices  of  sebaceous  and  ceruminous  glands.  3.  Osseous 
portion  of  external  auditory  canal.  4.  External  surface  of  the  membrani  tympani.  5.  Anterior 
part  of  the  incus.  6.  Head  of  the  malleus.  7.  Handle  of  the  malleus  lodged  between  the 
internal  and  middle  layers  of  the  membrani  tympani.  8.  Tensor  tympani  m.  with  its  tendon  at 
a  right-angle  to  be  attached  at  the  inner  margin  of  the  base  of  the  handle  of  the  malleus. 
9.  Cavity  of  the  tympanum.  10.  Expanded  portion  of  the  Eustachian  tube.  11.  Superior 
semicircular  canal.  12.  Posterior  semicircular  canal.  13.  External  semicircular  canal.  14.  Cochlea. 
15.  The  internal  auditory  canal  where  the  wall  has  been  taken  away  to  show  the  nerves  which  it 
transmits.  16.  Facial  nerve.  17.  The  great  superficial  petrosal  nerve  passing  from  the  genicu- 
late ganglion  of  the  facial  to  reach  its  destination.  18.  Vestibular  branch  of  the  auditory  nerve. 
19.  Cochlear  branch  of  the  auditory  nerve. 

The  cartilaginous  portion  is  about  half  an  inch  {ij  mm.)  long, 
and  is  firmly  connected  to  the  osseous  portion.  The  cartilage 
is  incomplete  at  the  upper  and  back  part,  and  the  interval  is 
filled  in  with  fibrous  tissue. 


*  To  obtain  a  correct  knowledge  of  the  length  and  dimensions  of  the  meatus, 
sections  should  be  made  through  it  in  different  directions,  or  a  cast  be  taken  of  it 
in  plaster  of  Paris. 
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The  osseous  portion,  about  three-quarters  of  an  inch  (/p  nun.) 
in  length,  is  narrower  than  the  cartilaginous  portion,  and  is 
curved  forwards  and  inwards.  Its  outer  extremity  is  rough  for 
the  attachment  of  the  cartilage ;  its  inner  presents  a  narrow 
groove,  except  at  the  upper  part,  for  the  insertion  of  the  mem- 
brana  tympani.  The  lower  and  anterior  wall  of  the  osseous 
portion  is  formed  by  a  semicircular  plate  of  bone,  the  tympanic 
plate,  the  outer  border  of  which  is  thickened  and  is  termed  the 
external  auditory  process. 

The  skin  and  the  cuticle  are  continued  down  the  passage,  and 
becoming  gradually  thinner,  form  a  cul-de-sac  over  the  mem- 
brana  tympani.  The  outer  portion  is  furnished  with  hairs  and 
ceruminous  glands,  which  secrete  the  cerumen  or  wax,  and  are 
only  found  over  the  cartilaginous  portion  of  the  canal. 

Its  arteries  are  derived  from  the  posterior  auricular,  the 
internal  maxillary  and  the  temporal,  all  branches  of  the  external 
carotid  artery.  Its  neives  come  from  the  auriculo-temporal 
branch  of  the  inferior  maxillary  or  mandibular  nerve. 

Tympanum.  — The  tympanum,  or  middle  ear,  is  an  irregular 
cavity  in  the  petrous  part  of  the  temporal  bone :  having  on  its 
outer  side  the  membrana  tympani ;  on  its  inner  side  the  laby- 
rinth ;  behind,  the  mastoid  cells ;  in  front,  the  carotid  canal ; 
below,  the  wall  of  the  jugular  fossa.  It  is  rather  less  than 
half  an  inch  (/j  vim.)  in  its  long  diameter ;  from  i  to  J^  of  an 
inch  (^  to  2  mm.)  between  its  outer  and  inner  boundaries ;  and 
a  quarter  of  an  inch  (6  mm.)  in  its  vertical  direction.  It  is 
Ifhed  with  mucous  membrane  and  filled  with  air,  which  is  freely 
admitted  through  the  Eustachian  tube ;  so  that  atmospheric 
pressure  is  equal  on  both  sides  of  the  membrane.  A  chain  of 
small  bones,  the  ossicles,  retained  in  their  position  by  ligaments 
and  acted  upon  by  muscles,  passes  across  it.  The  use  of  these 
bones  is  to  communicate  the  vibrations  of  the  membrana  tym- 
pani to  the  labyrinth.  For  this  purpose  one  end  of  the  chain 
is  attached  to  the  membrane,  the  other  to  the  fenestra  ovalis. 
The  tympanum  is  bounded  by  a  floor,  a  roof,  an  outer,  an  inner, 
an  anterior,  and  a  posterior  wall. 

Its  roof'i^  formed  by  a  thin  plate  of  bone  corresponding  with 
the  anterior  surface  of  the  pars  petrosa,  which  separates  the 
tympanum  from  the  cranial  cavity. 

The  floor,  which  is  narrow,  is  formed  by  a  thin  plate,  corre- 
sponding to  the  jugular  fossa  beneath  :  it  is  perforated  in  front 
by  a  small  aperture  for  Jacobson's  nerve. 
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chordae  anterius, 
Huguier,  for  the 

presents  the  fol- 
horizontal  ridge, 
;  2.  The  fenestra 


Its  outer  wall  is  formed  mainly  by  the  membrana  tympani, 
and  by  a  ring  of  bone  which  affords  attachment  to  it  ;  the  latter 
is  pierced  by  the  fissura  Glaseri  (which  gives  passage  to  the 
processus  gracilis  of  the  malleus,  the  laxator  tympani,  and  the 
tympanic  branch  of  the  internal  maxillary  artery),  by  the  fora- 
men chordae  posterius,  through  which  the  chorda  tympani 
enters  the  tympanum,  and  by  the  foramen 
which  is  the  commencement  of  the  canal  of 
exit  of  the  chorda  tympani  nerve. 

The  inner  wall  is  vertical  and  uneven,  and 
lowing  objects,  beginning  from  above  :   i.   A 
indicating  the  line  of  the  aquaeductus  Fallopii 
ovalis,  a  reniform  opening,  nearly  horizontal,  which  leads  into 
the  vestibule,  but  is  closed  in  the  recent  state  by  a  membrane, 

to  which  is  attached  the  base  of 
the  stapes  ;  3.  Below  and  in  front 
of  the  fenestra  ovalis  is  a  convex 
bony  prominence,  Xhe  promontory ; 
it  is  occasioned  by  the  first  turn 
of  the  cochlea,  and  is  marked  by 
vertical  grooves,  in  which  lie  the 
branches  of  the  tympanic  plexus 
of  nerves  ;  4.  Below  and  behind 
this  is  \h.Q  fenestra  rotunda,  which 
lies  at  the  bottom  of  a  conical 
depression  and  is  overhung  by  a 
projection  of  bone,  so  that  it  can- 
not be  seen,  except  when  viewed 
obliquely ;  it  leads  to  the  scala  tympani  of  the  cochlea,  but  is 
closed  in  the  recent  state  by  membrane  ;  5.  Immediately  behind 
the  fenestra  ovalis  is  a  small  conical  eminence,  named  the  pyra- 
mid,  in  the  summit  of  which  is  a  small  aperture,  from  which 
the  tendon  of  the  stapedius  emerges  ;  within  the  pyramid  at  its 
base  is  a  small  aperture  which  leads  to  the.  aquaeductus  Fallopii, 
and  transmits  a  special  filament  from  the  facial  nerve  to  the 
stapedius. 

The  posterior  wall  presents  three  or  four  openings,  one  of 
them  large,  which  lead  to  the  mastoid  cells,  and  convey  air  into 
them  from  the  tympanum.  The  mucous  membrane  of  the 
tympanum  is  continued  into  the  mastoid  cells  through  these 
openings. 

The  anterior  wall  is  pierced  by  an  aperture  for  the  trans- 


FiG.  309. — Tensor  Tympani  Muscle,  {m) 

The  Eustachian  tube  (left)  opened  and  show- 
ing the  processus  cochleariformis. 
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mission  of  a  small  artery  from  the  internal  carotid.  Into  this 
wall  open  the  Eustacliian  tube,  and  (in  the  dry  bone)  the  canal 
for  the  tensor  tynipani,  which  are  separated  from  each  other  by 
a  bony  septum,  the  processus  eochleariformis.  The  Eustachian 
tube  is  partly  osseous,  partly  cartilaginous  ;  the  cartilaginous 
portion  has  been  described,  p.  250;  the  osseous  por-tiouy  about 
half  an  inch  (/J  mm.)  in  length,  opens  into  the  lowest  part  of 
the  anterior  wall,  and  is  lined  with  mucous  membrane  continu- 
ous behind  with  that  of  the  tympanum  and  in  front  with  that 
of  the  pharynx.  The  canal  for  the  tensor  tympani  ttrmimXt?,  in 
the  anterior  wall  above  the  Eustachian  tube  as  a  conical  pro- 
jection, in  the  apex  of  which  is  a  small  aperture  for  the  tensor 
muscle  ;  this  projection  is  frequently  called  the  anterior  pyramid. 

Lastly,  a  nerve  called  the  chorda  tympani  (a  branch  of  the 
facial)  runs  in  an  arched  direction  from  the  back  to  the  front  of 
the  tympanum,  and  is  covered  with  mucous  membrane. 

Membrana  Tympani. — The  membrana  tympani  is  a  thin 
semi-transparent  oval  disk,  which  completely  closes  the  bottom 
of  the  meatus  auditorius  externus.  Its  transverse  diameter 
slightly  exceeds  its  vertical,  and  its  circumference  is  set  in  a 
bony  groove,  so  that  it  is  stretched,  somewhat  like  the  parch- 
ment of  a  drum,  on  the  outer  wall  of  the  tympanum.*  Its 
plane  is  not  vertical,  but  slants  from  above  downwards,  forming, 
with  the  floor  of  the  meatus,  an  angle  of  40  to  55°.  It  is 
slightly  conical,  the  apex  being  directed  inwards  towards  the 
tympanum,  and  between  its  layers  is  inserted  the  handle  of  the 
malleus  which  runs  downwards  and  forwards  to  a  little  below 
the  centre. 

Structure.  —  It  is  composed  of  three  layers  ;  an  outer,  formed 
by  an  extremely  thin  layer  of  true  skin  ;  an  inner,  by  the  mucous 
membrane  of  the  tympanum  ;  and  a  middle  fibrous  layer;  most 
of  the  fibres  radiate  from  the  attachment  of  the  tip  of  the  handle 
of  the  malleus  in  a  bowed  direction,  so  that  the  membrane  is 
not  a  strict  cone ;  other  fibres  are  annular,  forming  a  circum- 
ferential ring  close  to  the  osseous  ring ;  these  stretch  over  a 
notch  in  the  upper  part  of  the  ring  {jiotcJi  of  Kivini)  so  that  the 
membrane  is  here  flaccid  and  takes  the  name  of  the  membrana 
flaccida. 

The  arteries  to  the  membrane  are  supplied  from  the  tympanic 

*  The  transverse  diameter  of  the  membrane  is  0.37  inch  (9  mm.)  ;  its  vertical 
diameter  0.33  inch  (8  mm.). 
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branch  of  the  internal  maxillary,  the  stylo-mastoid  branch  of 
the  posterior  auricular,  the  Vidian,  and  the  internal  carotid. 

Ossicula  Auditus.  —  The  three  small  bones  in  the  tympa- 
num are  named  after  their  fancied  resemblance  to  certain 
implements,  the  'malletts,  incus,  and  stapes.  They  are  articulated 
to  each  other  by  perfect  joints,  and  are  so  placed  that  the  chain 
somewhat  resembles  the  letter  Z.  Their  use  is  to  transmit 
the  vibrations  of  the  membrana  tympani  to  the  membrane  of  the 
fenestra  ovalis,  and,  through  it,  to  the  fluid  contained  within  the 
vestibule.     But  they  have  another  use,  which  would  be  incom- 


FiG.  310.  —  Tympanic  Membrane  and  Audi- 
tory Ossicles  (left)  Seen  from  Within, 
{i.e.)  from  the  Tympanic  Cavity. 

M.  Manubrium  or  handle  of  the  malleus.  T. 
Insertion  of  the  tensor  tympani.  h.  Head. 
IF.  Long  process  of  the  malleus,  a.  Incus 
with  the  short  (k)  and  the  long  (1)  process. 
S.  Plate  of  the  stapes.  Ax.  Ax.  is  the  com- 
mon axis  of  rotation  of  the  auditory  ossicles. 
S.  Pinion  wheel  arrangement  between  the 
malleus  and  incus. 


Fig.  311.  —  Auditory  Ossicles  (right). 
Cm.  Head  of  the  malleus.  C.  Neck.  Pbr. 
Short  process.  Pbl.  Long  process.  M. 
Manubrium  or  handle.  Ci.  Body  of  the  in- 
cus. G.  Articular  surface,  h.  Short  and 
V  long  processes.  O,  S.  So-called  lenticular 
ossicle.  Cs.  Head  of  the  stapes,  a.  Ante- 
rior, p.  Posterior  limb  or  crus.  P.  Plate 
of  the  stapes. 


patible  with  a  single  bone  —  namely,  to  permit  the  tightening 
and  relaxation  of  the  membrane,  and  thus  adapt  it  either  to 
resist  the  impulse  of  a  very  loud  sound,  or  to  favor  a  more 
gentle  one. 

The  malleus\¥\g.  311)  or  hammer  bone,  consists  of  an  upper 
part  or  head  {c.in.),  which  is  suspended  from  the  roof  of  the 
tympanum  by  the  suspensory  ligament,  and  articulates  poste- 
riorly with  the  incus.  Below  the  head  is  a  narrow  constriction, 
the  neck  (c),  which  is  continued  on  into  a  long,  somewhat  curved, 
tapering  process,  the  manubriimi  or  handle  (in)  :   it  is  nearly 
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vertical,  and  is  attached  along  its  whole  length  to  the  upper  half 
of  the  membrana  tympani,  passing  between  its  inner  and  middle 
layers.  The  processus  gracilis  {Prl)  projects  at  a  right  angle 
below  the  neck,  runs  into  the  Glaserian  fissure,  and  receives 
the  insertion  of  the  laxator  tympani.  The  processus  brevis 
[Pbr)  is  a  stunted  projection,  situated  at  the  junction  of  the 
processus  gracilis  and  manubrium,  and  touches  the  membrana 
tympani ;  it  receives  the  insertion  of  the  tensor  tympani. 

The  incus,  or  anvil  bone  (Fig.  311),  is  shaped  like  a  tooth, 
with  two  unequal,  widely  separated  fangs.  Its  broad  part  or 
body  (ci)  presents  a  concavo-convex  articulation  in  front  for 
the  head  of  the  malleus  ;  its  /ong  process  (v)  runs  nearly  parallel 
with  the  handle  of  the  malleus,  and  articulates  with  the  stapes 
through  the  intervention  of  a  small  bone,  the  os  orbiculare,  which 
forms  part  of  the  long  process;  its  short  process  [h)  is  directed 
horizontally  backwards,  and  its  point  is  fixed  in  a  small  hollow 
at  the  commencement  of  the  mastoid  cells. 

The  stapes,  or  stirrup  bone  (Fig.  311),  lies  horizontally.  Its 
head  (cs)  articulates  with  the  long  process  of  the  incus.  Below 
the  head  is  a  constriction,  the  neck,  which  receives  at  its  poste- 
rior part  the  insertion  of  the  stapedius.  Two  diverging-  crura 
{a.  p.)  pass  from  the  head  to  an  oval  plate  of  bone,  the  base, 
which  is  attached  to  the  membrane  covering  the  fenestra  ovalis. 

The  tympanic  bones  are  maintained  in  their  positions  by 
various  ligaments.  The  anterior  ligament  of  the  malleus  passes 
from  the  head  of  this  bone  to  the  anterior  wall  of  the  tympanum  ; 
the  suspensory  ligament  descends  from  the  root  of  the  tympanum 
outwards  to  the  head  of  the  malleus,  and  tXiQ posterior  ligame?it 
of  the  incus  passes  from  the  short  process  to  the  posterior  wall 
near  the  mastoid  cells.  The  ossicles  are  connected  by  an  im- 
perfect capsular  ligament,  which  passes  from  the  long  process 
of  the  incus  to  the  head  of  the  stapes ;  and  by  another  which 
passes  from  the  head  of  the  malleus  to  the  incus.  The  base  of 
the  stapes  is  attached  to  the  margin  of  the  fenestra  ovalis  by 
an  annular  ligament.  The  surfaces  of  the  bones  forming  these 
two  little  joints  are  covered  with  cartilage.  The  joints  have 
also  synovial  membranes. 

Muscles  of  the  Tympanum.  —  The  muscles,  by  moving 
the  tympanic  bones,  tighten  or  relax  the  membrana  tympani. 

The  tensor  tympani  (Fig.  309,  p.  796)  runs  in  a  canal  above  and 
parallel  to  the  ICustachian  tube,  from  the  cartilaginous  part  of 
which  it  arises,  as  well  as  from  the  apex  of  the  petrous  portion 
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of  the  temporal  bone.  It  passes  backwards,  and  terminates  in 
a  round  tendon,  which  enters  the  front  wall  of  the  tympanum 
through  a  special  bony  canal,  and,  making  a  sharp  bend  out- 
wards, is  inserted  into  the  root  of  the  handle  of  the  malleus. 
Its  nerve  comes  from  the  otic  ganglion.  Its  action  is  to  draw 
inwards  the  head  of  the  malleus,  and  thus  render  the  membrane 
tense. 

The  laxator  tynipani  arises  from  the  spinous  process  of  the 
sphenoid,  and  the  cartilaginous  portion  of  the  Eustachian  tube, 
and  is  inserted  into  the  neck  of  the  malleus  close  to  the  root  of 
the  processus  gracilis.  It  is  supplied  by  a  branch  of  the  facial 
nerve.*     Its  action  is  to  relax  the  membrana  tympani. 

The  stapedius  arises  from  the  hollow  of  the  pyramid,  and  its 
tendon,  emerging  through  the  aperture  in  the  apex,  runs  for- 
wards to  be  inserted  into  the  neck  of  the  stapes.f  Its  nerve  is 
derived  from  the  facial.  By  its  action  it  increases  the  tension 
upon  the  fluid  in  the  vestibule. 

The  mucous  membrane  of  the  tympanum  is  continuous  with 
that  of  the  pharynx.  It  covers  the  ossicles, 
muscles,  and  nerves,  and  is  prolonged  into 
the  mastoid  cells.  The  membrane  is  pale 
and  thin,  and  lined  with  columnar  ciliated 
epithelium,  except  on  the  promontory,  the 
membrana  tympani,  and  the  ossicles,  where 
Fig. 312— RiGHT-sTAPE-    there  is  only  a  single  layer  of  flattened  cells. 

Dius    Muscle    Emer-  a     1  1/77  -x         c       ^         r       •    1 

GiNG  FROM  THE  Pyr-  A  Drauch  {chorda  tympani)  of  the  facial 
nerve  enters  the  tympanum  through  a  fora- 
men, foramen  chordce  posterius,  at  the  base  of  the  pyramid ;  it 
then  crosses  the  tympanum  beneath  the  handle  of  the  malleus 
and  the  long  process  of  the  incus,  leaves  the  tympanum  through 
a  foramen,  foramen  chord(2  ajiterius,  and  then  traverses  a  canal 
{canal  of  Huguier),  which  runs  close  to  the  Glaserian  fissure. 
It  eventually  joins  the  submaxillary  ganglion   (p.  153). 

The  arteries  supplying  the  tympanum  are  :  (i)  the  tympanic 
branch  of  the  internal  maxillary,  which  enters  through  the  fis- 
sura  Glaseri ;  (2)  the  stylo-mastoid  branch  of  the  posterior  auri- 
cular ;  (3)  small  branches  from  the  ascending  pharyngeal,  which 
enter  with  the  Eustachian  tube  ;  (4)  branches  from  the  internal 

*  This  is  usually  regarded  as  a  muscle,  and  is  described  here  as  such ;  no  mus- 
cular fibres,  however,  can  be  traced  in  it,  so  that  it  is  probably  only  ligamentous 
in  stmcture  —  a  fact  borne  out  in  the  lower  animals. 

t  There  is  a  little  sheath,  hned  with  synovial  membrane,  to  facilitate  the  play 
of  the  tendon  in  the  pyramid. 
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carotid  artery;  and  (5)  the  petrosal  branch  of  the  arteria  men- 
ingea  media  {mididunil). 

The  veins  open  into  the  middle  meningeal  and  the  pharyngeal 
veins. 

The  mucous  membrane  is  supplied  with  branches  from  the 
tympanic  plexus,  which  is  formed  by  filaments  from  the  tym- 
panic branch  of  the  glosso-pharyngeal  nerve,  from  the  carotid 
sympathetic  plexus,  and  from  the  large  and  small  superficial 
petrosal  nerves. 

Internal  Ear.  —  This,  in  consequence  of  its  complexity,  is 
called  the  labyrinth.  It  consists  of  cavities  excavated  in  the 
most  compact  part  of  the  temporal  bone,  and  it  is  divided  into 
three  parts  :  a  middle  one,  called  the  vestibule,  being  the  com- 
mon cavity  in  which  all  communicate ;  an  anterior,  named, 
from  its  resemblance  to  a  snail's  shell,  the  cochlea  ;  and  a  pos- 
terior, con?>\sX.mg  oi  three  seviicirenlar  canals  ;  it  communicates 
externally  with  the  tympanum  by  means  of  the  fenestra  ovalis 
and  rotunda,  and  internally  with  the  meatus  auditorius  internus. 
These  cavities  are  filled  with  a  clear  fluid,  called  the  endolymph, 
and  contain  a  membranous  expansion,  the  inevibranoiis  laby- 
rintJi,  upon  which  the  filaments  of  the  auditory  nerve  are 
expanded. 

Vestibule.  —  The  vestibule,  or  central  chamber,  is  an  irregu- 
lar oblong  cavity,  about  one-fifth  of  an  inch  (^^ mm.)  in  its  widest 
part,  which  is  at  its  antero-posterior  and  at  its  vertical  diame- 
ters. On  its  outer  wall  is  the  fenestra  ovalis,  which  is  closed 
in  the  recent  state  by  the  base  of  the  stapes ;  on  its  i7iner  wall, 
at  the  front  part,  is  a  shallow  round  depression,  X.\\e  fovea  Jiemi- 
sphcrica,  which  is  perforated  at  its  lower  by  numerous  foramina, 
macula  cribrosa,  for  the  transmission  of  the  filaments  of  the 
auditory  nerve.  Posteriorly,  this  pit  is  bounded  by  a  ridge,  the 
crista  vestibuli,  and  in  some  subjects  there  is  behind  this  emi- 
nence the  opening  of  a  small  canal,  called  the  aqucuductus  vesti- 
buli. It  leads  to  the  posterior  surface  of  the  pars  petrosa,  and 
transmits  a  small  vein.  In  the  roof  is  a  transverse  oval  depres- 
sion, X\\Q  fovea  hemielliptica,  which  lodges  the  utricle  ;  posteri- 
orly, the  five  openings  of  the  semicircular  canals  open  into  it ; 
and,  in  front,  is  a  large  opening  through  which  it  communicates 
with  the  scala  vestibuli  of  the  cochlea. 

Semicicular  Canals.  —  The  semicircular  cajials,  three  bony 
canals,  arc  situated  above  and  rather  behind  the  vestibule. 
Each  canal  forms  about  two-thirds  of  a  circle,  is  compressed  lat- 
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erally,  and  is  about  ^^ih  of  an  inch  (1.2  mm.)  in  diameter.  The 
canals  are  not  of  equal  diameter  throughout  ;  each  presents  at 
one  end  a  dilatation  termed  the  ampulla,  about  xoth  of  an  inch 
{2.^  mm.)  in  diameter.  This  dilatation  corresponds  to  a  similar 
dilatation  of  the  membranous  sac,  upon  which  the  auditory- 
nerve  expands.  The  canals  open  at  each  extremity  into  the 
vestibule  by  five  openings,  since  one  of  the  apertures  is  common 
to  the  extremities  of  two  canals.  Each  canal  differs  in  its  direc- 
tion ;  they  are  named  accordingly  superior,  posterior,  and  ex- 
ternal. 

Tht  stipcrior  semicirciclar  canal  (F\g.  313,  i)  is  the  most  an- 
terior of  the  three ;  its  direction  is  vertical,  and  runs  across  the 

petrous  bone.  It  rises  up  higher 
than  any  other  portion  of  the 
labyrinth,  and  its  ampulla  is  at 
the  outer  and  anterior  extremity, 
and  opens  into  the  upper  part  of 
the  vestibule  ;  its  non-ampullated 
extremity  opens  by  a  common 
orifice  with  the  posterior  semi- 
circular canal  into  the  back  part 
of  the  vestibule. 

The  posterior  semicircular 
canal  (Fig.  313,  2)  is  also  vertical, 
and  runs  parallel  to  the  posterior 
surface  of  the  petrous  bone, 
consequently  at  right  angles  to 
the  preceding.  It  is  the  longest 
of  the  three  canals,  and  its  am- 
pullated  extremity  is  at  the  lower 
end,  opening  into  the  lower  and 
back  part  of  the  vestibule.  Its 
upper  non-dilated  end  joins  with  that  of  the  superior  semicir- 
cular canal. 

The  external  semicircular  canal  (Fig.  313,  3)  is  the  shortest 
of  the  three,  is  horizontal  in  position,  with  the  convexity  of  the 
arch  diverted  backwards ;  it  opens  by  its  extremities  directly 
into  the  back  of  the  vestibule ;  the  ampulla  is  at  the  outer  end 
and  opens  into  the  vestibule  just  above  the  fenestra  ovalis. 

Cochlea. — The  cochlea  is  the  most  anterior  part  of  the 
osseous  labyrinth  ;  it  very  closely  resembles  a  common  snail's 
shell,  and  is  placed  nearly  horizontally,  so  that  its  first  coil  is 


Fig.  313.  —  Osseous  Labyrinth  of  the 
Right  Side  {Opened)  {S'djyimeritig). 
(Two  and  a  half  times  its  natural  size.) 

I.  The  superior  semicircular  canal.  2.  The 
posterior  semicircular  canal.  3.  The  exter- 
nal semicircular  canal.  4.  Common  opening 
of  the  superior  and  posterior  semicircular 
canals.  5.  Aquaeductus  vestibuli.  6.  Aquse- 
ductus  cochles.  7.  Fovea  hemi-elliptica. 
8.  Fovea  hemispherica.  9.  Scala  tympani. 
10.  Scala  vestibuli. 
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directed  forwards  and  outwards,  and  corresponds  with  the 
promontory ;  while  its  base  corresponds  to  the  bottom  of  the 
meatus  auditorius  internus,  and  is  perforated  by  apertures  for 
the  transmission  of  the  cochlear  branches  of  the  auditory  nerve. 
The  diameter  of  its  base,  and  also  of  its  height,  is  about  the 
same,  namely,  a  quarter  of  an  inch  (6  mm.).  It  consists  of  a 
gradually  tapering  spiral  tube,  which  winds  round  a  central 
pillar,  called  the  modiolus  or  columella.  The  spiral  canal  is 
divided  into  two  parallel  tubes,  scalce,  by  a  delicate  lamina, 
partly  bony,  partly  membranous,  which  is  called  the  lamina 
spiralis.  In  the  dry  condition  this  partition  is  only  partial ;  but 
in  the  recent  state  it  is  completed  by  a  membrane. 

The  spiral  canal  (Fig.  313,  9,  10)  is  about  an  inch  and  a  half 
{J. 8 cm.)  long,  and  about  the  ygth  of  an  inch  {2.4mm.) \n  diame- 
ter, lessening  as  it  approaches  the  summit.  After  making  two 
turns  and  a  half  it  terminates  at 
the  apex  of  the  cochlea  in  a 
rounded  dome  —  the  cupola.  The 
coil  at  the  base  is  the  widest,  the 
second  being  a  very  small  one. 
The  canal  has  in  it  three  open- 
ings ;  thus  it  communicates  with 

the  vestibule  by  an  oval  opening  ;     Fig.3.4.-The  Osseous  Cochlea.     (Mag- 

with  the  tympanum  by  the  fen-       ^  ,    ,  ''"'■""  f.ve  t.mes.) 

-'       -^  ,   .    ,       .  ,  I.    Scala  tympani.      2.    Scala  vestibuli.      3. 

estra    rotunda,    but    which    m    the        Lamina  spiralis   ossea.     4.    Modiolus,   or 

recent    state    is    closed    by    the     "°  ^^  "^ 

membrana  secundaria  ;  and,  lastly,  there  is  the  aperture  of  the 
aquceductus  cochlece,  which  transmits  a  small  vein  from  the 
cochlea  to  the  internal  jugular  vein. 

The  modiolus  or  columella  (Fig.  314,  4)  is  the  central  pillar 
of  the  cochlea  around  which  the  spiral  canal  coils,  and  it  passes 
from  the  base  to  the  apex.  It  is  of  considerable  thickness  at 
its  base,  but  gradually  tapers  towards  the  apex,  where  at  the 
last  half  coil  it  terminates  in  a  half-funnel-shaped  curved 
lamella,  called  the  infundibulum.  Here  the  partition  disap- 
pears, and  is  called  the  helicotrema,  so  that  the  scalas  vestibuli 
and  cochleai  communicate  with  each  other  in  this  situation. 
The  interior  of  the  modiolus  is  composed  of  cancellous  bone, 
and  is  traversed  by  numerous  canals,  which  transmit  small  ves- 
sels and  nerves  to  the  lamina  spiralis.  One  of  these  canals, 
larger  than  the  others,  runs  up  the  centre  of  the  modiolus 
nearly  to  the  apex,  and  transmits  a  small  artery,  the  artcria 
centralis  modioli. 
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On  making  a  vertical  section  through  the  cochlea,  we  observe 
that  the  spiral  canal  is  divided  into  three  tubes,  termed  scal(B ; 
the  lower  and  largest  is  the  scala  tympajti  (¥\g.  315,  i);  the 
upper  is  the  scala  vestibuli  (Fig.  315,  2),  which  is  subdivided 
by  an  oblique  membrane  to  form  an  outer  or  third  tube  —  the 
scala  media  or  canalis  cochlecE  (Fig.  315,  3). 

The  lamina  spiralis  (Fig.  314,  3)  is  the  projecting  partition 
which  divides  the  spiral  canal  into  two  tubes  or  scalae  :  it  is 
composed  on  the  inner  half  of  bone  —  lamina  spiralis  ossea  — 
and  on  the  outer  half  of  membrane  —  membrana  basilaris  (Fig. 


Fig.  315.  —  Section  of  the  Cochlea. 

Scala  tympani.  2.  Scala  vestibuli.  3.  Scala  media.  4.  Canal  of  Corti.  5.  Ligamentum 
Spiralis.  6.  External  spiral  groove.  7.  Membrane  of  corti.  8.  Membrana  basilaris.  9.  Spiral 
vessel  subjacent  to  the  smooth  zone  of  this  membrane.  10.  Sulcus  spiralis.  11.  Rods  of  Corti. 
12.  A  branch  of  the  cochlear  nerve.  13.  Spiral  ganglion.  14.  The  same  nerve  which  after 
having  traversed  the  spiral  ganglion,  makes  its  way  between  the  two  laminffi  of  the  osseous 
lamina  spiralis.  15.  One  of  the  foramina  by  which  this  branch  penetrates  the  canal  of  Corti 
to  terminate  in  the  organ  which  it  comprises.  16.  Bone  forming  the  margin  of  the  lamina. 
17.   Periosteum  of  inner  wall  of  the  cochlea. 


315,  8).  The  lamina  spiralis  ossea  ends  at  the  cupola  in  a 
hook-like  process  —  the  hamulus.  Winding  round  the  modiolus, 
close  to  the  attachment  of  the  lamina  spiralis  ossea,  is  a  small 
canal  —  the  canalis  spiralis  modioli — which  is  filled  by  the 
gangliform  swelling  of  the  cochlear  nerve,  called  the  ganglion 
spirale,  13.  The  osseous  lamina  spiralis  is  seen,  on  a  vertical 
section,  to  be  composed  of  two  plates,  between  which  the  struc- 
ture is  spongy  ;  and  presents  a  number  of  small  canals  for  the 
passage  of  the  small  filaments  of  the  cochlear  division  of  the 
auditory  nerve,  in  their  course  to  the  membranous  part  of 
the  lamina. 
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On  examining  the  membranous  continuation  of  the  lamina 
spiralis,  it  is  seen,  not  far  from  its  attachment  to  the  osseous 
zone,  to  be  thickened  into  an  elongated  crest  —  the  limbus 
lamince  spiralis  (Fig.  315,  7)  —  which  overhangs  a  groove, 
called  the  sulctis  spiralis  (Fig.  315,  10) ;  the  upper  horn  of  the 
groove  is  called  the  labium  vestibiilare ;  the  lower,  the  labium 
tyvipaniciim.  From  the  labium  tympanicum,  the  basilar  mcm- 
bianc  is  continued  outwards  to  be  attached  to  the  outer 
wall  of  the  canal,  and  thus  completes  the  septum.  At  the 
point  of  attachment  of  the  basilar  membrane  with  the  outer 
wall  of  the  cochlea  may  be  seen  a  triangular  projection,  which, 
formerly  described  as  a  muscle  {cochlearis  muscle),  is  now 
recognized  to  be  a  collection  of  connective  tissue  cells,  and 
called  the  ligamentum  spirale  (Fig.  315,  5).  The  structure  of 
the  limbus  consists  of  firm  connective  tissue,  on  the  under  part 
of  which  are  found  numerous  cells.  Close  to  the  junction  of 
the  limbus  with  the  basilar  membrane  are  a  series  of  regularly 
arranged  apertures,  looking  upwards  to  the  sulcus  spiralis ; 
these  are  ovoid  apertures  for  the  exit  of  branches  of  the  coch- 
lear nerve. 

The  basilar  membrane  forms,  at  the  base  of  the  cochlea,  but 
a  small  breadth  of  the  septum,  the  broadest  part  being  com- 
posed of  bone  ;  but  it  gradually  increases  in  breadth  towards  the 
cupola,  where  it  constitutes  nearly  the  entire  septum.  It  con- 
sists of  a  firm,  fibrillated  tissue,  which  is  probably  formed,  at 
any  rate  on  its  upper  surface,  of  a  structure  closely  resembling 
the  organ  of  Corti. 

It  has  been  stated  that  in  the  bony  cochlea  there  is  a  partial 
septum  dividing  the  spiral  tube  into  two  incomplete  scalae.  In 
the  recent  condition  the  basilar  membrane  completes  the  sep- 
tum dividing  the  upper  tube  into  an  upper  canal  —  the  scala 
vcstibuli,  and  a  lower,  the  scala  tympani.  The  upper  scala  is 
subdivided  by  an  oblique  membrane,  membrane  of  Reissner,  into 
two  canals — an  inner,  the  scala  vcstibuli,  and  an  outer,  the 
canalis  cochlece,  the  scala  media  or  the  ductus  cochlearis  (Fig. 
315,  3).  The  canalis  cochleae  terminates  at  the  helicotrema  in 
a  cul-de-sac ;  inferiorly,  it  is  connected  with  the  saccule  by  a 
long  narrow  duct  called  the  canalis  rcuniens. 

The  membrane  of  Reissner  is  the  oblique  membrane  which 
separates  the  scala  vcstibuli  and  the  canalis  cochleae.  It  is  a 
delicate,  almost  structureless  layer,  composed  of  connective 
tissue,  continuous  with  the  periosteum  lining  the  upper  surface 
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of  the  lamina  spiralis.  It  is  smooth  on  its  vestibular  surface, 
and  is  lined  with  flattened  connective-tissue  cells  ;  on  its  coch- 
lear surface  it  is  covered  with  squamous  epithelium. 

The  inner  wall  of  the  canalis  cochleas  is  formed  by  the  mem- 
brane of  Reissner  covered  with  pavement  epithelium.  The 
outer  wall,  the  periosteum,  is  thickened  by  a  quantity  of  reti- 
form  connective-tissue  lined  with  columnar  epithelial  cells.  An 
increase  of  this  tissue  is  seen  a  little  above  the  ligamentum 
spirale  as  a  conical  eminence,  in  which  runs  a  small  vessel,  the 
vas  spirale ;  midway  between  the  vas  and  the  attachment  of 
Reissner's  membrane  is  another  thickening,  consisting  also 
of  numerous  blood-vessels,  stria  vascularis,  which  form  anasto- 
mosing loops.  The  lower  wall  is  formed  by  the  limbus  spiralis 
and  the  basilar  membrane ;  upon  the  latter  is  placed  the  com- 
plex structure,  called  the  organ  of  Corti. 

The  organ  of  Corti,  placed  upon  the  upper  surface  of  the 
membrana  basilaris,  presents  a  slight  triangular  elevation  out- 
side the  limbus,  and  winds  spirally  throughout  the  cochlea  from 
its  base  to  its  summit.  The  central  part  of  the  organ  (Fig.  315, 
11)  consists  of  two  sets,  an  inner  and  an  outer,  of  slanting  rods 

—  rods  of  Corti  —  which  rest  against  each  other  at  their  upper 
extremities,  thus  forming  a  triangular  tunnel,  called  the  timnel 
of  Corti,  filled  in  the  recent  state  with  endolymph.  The  inner 
and  the  outer  rods  are  similar  in  structure,  but  differ  in  shape 

—  the  inner  are  shorter,  less  oblique,  and  have  the  shape  of  the 
human  ulna,  the  outer  resemble  the  swan's  head,  the  head  being 
received  into  the  concavity  of  the  inner  rod,  the  part  resembling 
the  bill  looking  horizontally  outwards.  Both  have  a  broad 
nucleated  base,  and  present  a  fibrillar  appearance.  The  inner 
rods  are  more  numerous  than  the  outer.* 

On  the  inner  side  of  the  inner  rods  is  a  single  row  of  broad 
epithelial  cells  tipped  with  stiff  ciliated  processes,  called  the 
inner  hair  cells  ;  and  on  the  outer  side  of  the  outer  rods,  resting 
on  cells  which  are  placed  on  the  basilar  membrane,  are  four  to 
six  rows  of  similar  cells,  termed  the  outer  hair  cells  (316,  o  c). 
The  bases  of  the  outer  hair  cells  present  on  one  side  a  rounded 
bulge,  while  from  the  other  are  long  processes  which  pass  down- 
wards to  be  attached  to  the  membrana  basilaris.  The  outer 
rods  are  placed  upon  numerous  fusiform  nucleated  cells,  cells 
of  Deiters,  whose  bases  rest  upon  the  basilar  membrane,  and 

*  According  to  Waldeyer,  in  the  proportion  of  6,000  of  the  inner  to  4,500  of 
the  outer  rods. 
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whose  summits  taper  off  into  f^ne  long  cubicular  processes, 
phalageal,  which  pass  between  the  outer  hair  cells  to  be  con- 
nected to  the  phalanges  of  the  reticular  lamma. 

The  lamina  reticularis  is  the  net-like  membrane  surmountmg 
the  summits  of  the  outer  hair  cells.  It  is  an  open  network,  of 
a  fiddle-shape  pattern,  consisting  of  four  rows  of  fiddle-shaped 
cells  t^xm^d.  phalanges,  through  which  the  ciliated  processes  of 


\^       b 

..„  Tr,«<;T  Tlkn   op  the  Cochlea,  Showing  the   Mem- 
F.G.J.6.--VERT.CAI.  Section  OF  THE  FRS^^^^  ^^    Cok'ti.      (.After    IValdeyer 

BRANOus  Cochlea   anu   tuf.    I'omtion    or 
aiid  Quin.) 

the  hair  cells  project.     To  these  phalanges,  as  before  stated, 
are  attached  the  phalangeal  processes  of  the  cells  of  l^eiters 

The  tectorial  membrane  (Fig.  316,  Mem.  Tectoria)  is  the 
only  remaining  membrane  to  be  described,  and  lies  above  and 
parallel  to  the  basilar  membrane,  but  does  not  extend  more  than 
half-way  over  it.  It  is  connected  on  its  inner  side  with  the 
limbus  spiralis,  and  is  then  continued  outwards,  overlying  and 
resting  upon  the  rods  of  Corti ;  at  its  origin  it  is  thin,  subse- 
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quently  it  thickens,  and  then  gradually  tapers  off  to  end  in  a 
free  extremity.  It  is  a  strong,  elastic  membrane,  distinctly 
fibrous,  especially  upon  its  inner  and  thicker  part. 

Membranous  Labyrinth.  —  If  the  bony  labyrinth  just 
described  be  properly  understood,  there  will  not  be  much 
difficulty  in  comprehending  the  shape  of  the  membranous  laby- 
rinth in  its  interior  —  a  structure  supporting  the  ultimate 
ramifications  of  the  auditory  nerve.  It  has  the  general  form 
and  shape  of  the  vestibule  and  the  semicircular  canals,  although 
smaller,  and  it  is  separated  from  the  osseous  labyrinth  by  a 
quantity  of  fluid  called  peiilympJi  or  liquor  Cotunii,  which  is 
secreted  by  the  delicate  serous  membrane  lying  in  the  bony 
kbyrinth. 

The  membranous  labyrinth  is  a  sac,  contained  partly  in  the 
vestibule  and  partly  in  the  semicircular  canals  :  that  situated 
in  the  vestibule  is  termed  the  vestibular  portion ;  that  in  the 
bony  canals,  the  membranous  semicircular  canals. 

The  sac  in  the  vestibule  is  so  constructed  as  to  form  two 
sacs  of  unequal  size,  which  indirectly  communicate  with  each 
other,*  The  utricle  or  common  sinjis,  the  larger  of  the  two,  is 
oval  and  compressed  laterally,  and  communicates  with  the  five 
openings  of  the  membranous  semicircular  canals.  It  is  lodged 
in  the  fovea  hemi-elliptica,  and  its  wall  is  thickest  {macula 
acusticd)  close  to  the  crista  vestibuli,  where  the  branches  from 
the  auditory  nerve  enter  it.  The  sacctile,  the  smaller,  is  globu- 
lar and  flattened,  and  lies  in  the  fovea  hemispherica,  in  front  of 
the  utricle.  It  is  connected  with  the  membranous  canal  of  the 
cochlea  by  a  small  short  duct,  termed  the  canalis  rcuniens. 
From  the  saccule  there  passes  downwards,  along  the  aquaeduc- 
tus  vestibuli,  a  narrow  prolongation,  which  terminates  in  a 
pyriform  dilatation,  saccus  endolym,pJiaticus ;  this  canal  is  joined, 
at  an  acute  angle,  by  a  short  narrow  canal  from  the  front  of  the 
utricle,  so  that  there  is  a  communication  existing  throughout 
the  entire  length  of  the  membranous  labyrinth. 

The  utricle  and  the  saccule  contain  on  their  inner  wall  a 
minute  mass  of  calcareous  matter  in  connection  with  nerve- 
ends,  called  by  Breschet  the  otoliths  or  otoconia.  They  are 
crystals  of  carbonate  of  lime,  and  are  present  in  the  labyrinth 
of   all   mammalia.     From    their   greater  hardness  and    size  in 

*  From  the  utricle  there  proceeds  a  small  canal,  which  lies  in  the  aqujeductus 
vestibuli;  this  is  joined  close  to  its  commencement  by  a  similar  canal  from  the 
saccule;  thus  forming  the  indirect  communication  above  alluded  to. 
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aquatic  animals,  there  is  reason  to  believe  that  they  perform 
the  office  of  rendering  the  vibrations  of  sound  sharper  and 
more  distinct.* 

Membranous  Semicircular  Canals.  —  The  membranous 
semicircular  canals  present  the  same  dilatations  or  ampullae  as 
the  bony  ones  at  one  end,  and  at  this  part  they  nearly  fill  their 
bony  cases  ;  but  in  the  rest  of  their  extent  the  diameter  of  the 
membranous  canal  is  not  more  than  one-third  to  one-fifth  that 
of  the  bony.  At  the  ampullated  extremity  the  sac  is  connected 
on  its  outer  aspect  by  blood-vessels  and  nerves  to  the  perios- 
teum, forming  on  section  a  transverse  projection,  called  the 
septum  transversimi  or  crista  acustica,  which  forms  a  partial 
septum. 


Fig.  317.  —  Distribution  of  the  Ves-     Fig.  318 
TiBULAR   Branch   in    the  Membra- 
nous Labyrinth. 


-The  Two   Branches  of   the  AuiJitory 

Nerve. 


.  Vestibular  branch  of  the  nerve.  2.  Its 
branch  to  the  saccule.  3.  Its  branch  to 
the  utricle.  4.  Utricular  branch  to  the 
ampulla  of  the  posterior  semicircular 
membrane.  5.  Branch  to  the  external 
semicircular  membrane  from  the  vesti- 
bular n.  6.  Branch  from  the  same  to 
superior  membrane. 


I.  Vestibular  branch.  2.  Saccular  branch.  3.  Utri- 
cular branch.  4.  Branch  to  ampulla  of  posterior 
membranous  canal.  5.  Branch  to  ampulla  ol  external 
membrane.  6.  Branch  to  superior  membrane.  7.  Co- 
chlear branch.  8.  Cochlea  opened  to  show  the  dis- 
tribution of  cochlear  nerve. 


The  membranous  semicircular  canals  consist  of  three  layers, 
an  outer  or  fibrous  layer,  which  is  connected  with  the  perios- 
teum by  blood-vessels,  and  contains  irregular  pigment-cells ;  a 
middle  or  tunica  propria,  clear  and  structureless;  and  an  inner 
or  epithelial  layer,  which  lines  the  inner  space  of  the  tunica 
propria.  At  the  ampullar  the  epithelial  layer  is  composed  of 
the  columnar  variety,  upon  which  are  arranged  cells  of  a  spindle 

*  Vox  a  detailed  descinption  of  the  relation  of  the  otoliths  with  the  hair-like 
processes  of  the  nerve-filaments,  the  student  is  referred  to  an  article  by  Dr.  Urban 
Pritchard  in  the  Quarterly  Journal  of  Microscopic  Science,  October  1876,  entitled 
"The  Termination  of  the  Nerves  in  the  Vestibule,  and  Semicircular  Canals  of 
Mammals." 
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shape,  having  delicate  ciHated  processes  {auditory  hairs)  project, 
ing  into  the  endolymph. 

The  membranous  labyrinth  is  protected,  inside  and  out,  by 
fluid.  The  fluid  in  the  interior  is  termed  the  endolymph  or 
liquor  Sca^'pce,  and  the  thin  layer  between  it  and  the  bone,  the 
perilympJi  or  liquor  Cotunnii ;  thus  the  delicate  nervous  mem- 
brane is  placed  between  two  layers  of  fluid. 

Distribution  of  the  Auditory  Nerve. — The  auditoiy 
nerve,  or  the  eighth  cranial  nerve,  passes  down  the  meatus 
auditorius  internus,  and,  at  the  bottom  of  it,  divides  into  an 
anterior  and  posterior  branch,  which,  after  breaking  up  into 
numerous  fasciculi,  are  distributed  to  the  cochlea  and  to  the 
vestibule. 

The  vestibular  nerve  divides  into  five  branches,  which  pro- 
ceed to  the  utricle,  the  saccule,  and  the  three  ampullae  of  the 
semicircular  canals,  respectively ;  those  for  the  utricle,  and 
the  superior  and  external  semicircular  canals  enter  the  vesti- 
bule along  the  crista  vestibuli ;  that  for  the  saccule  enters 
through  the  fovea  hemispherica,  and  that  for  the  posterior 
semicircular  canal  is  continued  along  a  bony  canal  to  its  ter- 
mination. The  nerves  to  the  semicircular  canals  enter  the 
ampullae  by  a  forked  swelling  which  corresponds  to  each  septum 
transversum. 

The  cochlear  divisioji  of  the  auditory  nerve  is  a  short,  thick 
branch,  which  breaks  up  into  numerous  filaments  at  the  bottom 
of  the  meatus  auditorius  internus.  These  enter  the  canals  in 
the  base  of  the  modiolus,  and  then  arch  outwards  between  the 
plates  of  the  lamina  ossea.  In  their  course  outwards  between 
the  plates,  they  pass  through  the  spirally  arranged  ganglionic 
cord,  ganglion  spirale,  beyond  which  they  form  a  wide  plexus. 
They  are  collected  together  close  to  the  free  border  of  the 
osseous  zone,  forming  a  very  minute  nerve-plexus,  whose  fila- 
ments interlace  freely ;  they  then  enter  the  membranous  zone 
to  be  connected  with  the  inner  hair-cells  of  the  organ  of 
Corti.* 

The  vessels  which  supply  the  cochlea  are  from  ten  to  twelve 
in  number,  and  are  derived  from  the  auditory  artery ;  they,  like 
the  nerves,  enter  the  bony  canals  of  the  modiolus,  and  then 
turn  outwards  to  ramify  upon  the  osseous  zone,  supplying  its 
periosteum.     The  plexus  formed  by  these  branches   communi- 

*  Some  anatomists  describe  filaments  as  passing  between  the  rods  of  Corti 
to  end  in  the  outer  hair-cells. 
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cates  with  a  vessel  known  as  the  vas  spirale,  which  tuns  longi- 
tudinally in  the  ligamentum  spirale  to  the  outer  attachment  of 
the  membrana  basilaris.  The  veins  from  the  cochlea  terminate 
in  the  superior  petrosal  sinus,  having  previously  joined  those  of 
the  vestibule  and  semicircular  canals. 


DISSECTION  OF    THE    MAMMARY  GLAND. 

The  form,  size,  position,  and  other  external  characters  of  the 
mammary  gland  in  the  temale  vary  more  or  less  in  different 
persons.  The  longest  diameter  of  the  gland  is  in  a  direction 
upwards  and  outwards  towards  the  axilla ;  its  thickest  part  is  at 
the  centre,  and  the  fulness  and  roundness  of  the  gland  depend 
upon  the  amount  of  fat  about  it.  Its  deep  surface  is  flattened 
in  adaptation  to  the  pectoral  muscle,  to  which  it  is  firmly  con- 
nected by  an  abundance  of  areolar  tissue.  In  its  vertical  direc- 
tion the  breast  corresponds  to  the  space  between  the  third  and 
sixth  or  seventh  ribs  ;  in  its  lateral  direction,  to  the  space  between 
the  side  of  the  sternum  and  the  axilla,  while  the  nipple  corre- 
sponds to  the  fourth  rib,  or  a  little  below  it. 

It  is  inclosed  by  a  fascia,  which  not  only  supports  it  as  a 
whole,  but  penetrates  into  its  interior,  so  as  to  form  a  framework 
for  its  several  lobes  ;  hence,  it  is  that,  in  cases  of  mammary 
abscess,  the  matter  is  apt  to  be  circumscribed,  not  diffused. 

The  nipple  (mammilla)  projects  a  little  below  the  centre;  it 
is  surrounded  by  a  colored  circle,  termed  the  areola  ;  this  circle 
is  of  a  rose-pink  color  in  virgins,  but  in  those  who  have  borne 
children  of  a  dark  brown.  It  begins  to  enlarge  and  grow  darker 
about  the  second  or  third  month  of  pregnancy,  and  these  changes 
continue  till  parturition.  The  areola  is  abundantly  provided 
with  papillae,  and  with  subcutaneous  sebaceous  glands,  to  lubri- 
cate the  surface  during  lactation ;  the  areolar,  as  well  as  the 
nipple,  is  destitute  of  fat. 

Structure. — The  gland  itself  conists  of  distinct  lobes  held 
together  by  firm  connective  tissue,  and  provided  with  separate 
lactiferous  ducts.  Each  lobe  divides  and  sub-divides  into 
lobules,  and  the  duct  branches  out  accordingly.*  Traced  to 
their  origin,  we  find  that  the  ducts  commence  in  clusters  of 
minute  cells,  and  that  the  blood-vessels  ramify  minutely  upon 
these  cells ;  altogether,  then,  a  single  lobe  might  be  compared 

*  It  is  observed,  in  some  cases,  that  one  or  more  lobules  run  off  to  a  considera- 
ble distance  from  the  main  body  of  the  gland,  and  lie  embedded  in  the  subcutane- 
ous tissue.  This  should  be  remembered  when  it  is  necessary  to  remove  the  entire 
gland 
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to  a  bunch  of  grapes,  of  which  the  stalk  represents  the  main 
duct.  The  main  ducts  {galactophorous  ducts)  from  the  several 
lobes,  from  fifteen  to  twenty  in  number,  converge  towards  the 
nipple,  and,  just  before  they  reach  it,  become  dilated  into  small 
sacs  or  ampulla,  two  or  three  lines  wide  ;  after  this  they  run  up 
to  the  apex  of  the  nipple,  and,  running  parallel,  terminate  in 
separate  orifices. 

The  vesicles  and  the  galactophorous  ducts  are  lined  with 
columnar  epitheUum,  except  at  their  orifices,  where  it  becomes 
squamous. 

The  arteries  of  the  gland  are  derived  from  the  long  thoracic, 
the  internal  mammary,  and  the  intercostals  ;  the  nerves  come 
from  the  anterior  and  lateral  cutaneous  branches  of  the  inter- 
costal nerves,  and  from  the  descending  branches  of  the  cervical 
plexus.  The  vei7is  diverge  from  the  nipple,  and  terminate  in  the 
axillary  and  internal  mammary  veins. 

The  lymphatics  run  chiefly  to  the  axillary  glands,  but  some 
pierce  the  front  of  the  intercostal  spaces  to  join  the  anterior 
mediastinal  glands. 


DISSECTION  OF   THE   SCROTUM  AND    TESTIS. 

Scrotum.  —  The  scrotum  is  a  pouch  of  skin  for  the  lodg- 
ment of  the  two  testes.  They  are  originally  developed  in  the 
abdomen,  and  descend  into  the  scrotum  about  the  eighth  month 
of  intra-uterine  life.  In  their  descent  they  push  before  them 
certain  coverings  derived  from  the  strata  of  the  abdominal  walls, 
through  which  they  pass,  and  which  constitute,  with  the  layers 
of  the  scrotum,  the  coverings  of  the  testes.  The  scrotum  pre- 
sents in  the  middle  a  ridge,  the  raphe,  on  each  side  of  which  it 
is  corrugated  into  transverse  folds  or  mgcs.  It  is  divided  by  a 
distinct  septum  into  two  lateral  halves,  of  which  the  left  is  the 
longer.  The  scrotum  consists  of  two  layers,  the  integument 
and  the  dartos. 

The  integument  is  of  dark  color,  thrown  into  transverse 
rugae,  and  provided  with  sebaceous  glands  and  hairs. 

The  dartos  is  a  thin  layer,  consisting  of  muscular  fibres  of 
the  involuntary  kind,  like  those  of  the  bladder  and  intestines. 
It  serves  to  corrugate  the  loose  and  extensible  skin  of  the 
scrotum,  and  in  a  measure  to  support  and  brace  the  testes.  It 
is  more  abundant  in  the  anterior  than  in  the  posterior  part  of  the 
scrotum.  Beneath  the  dartos,  and  partly  intermingling  with  it, 
is  a  large  quantity  of  loose  connective  tissue,  remarkable  for  the 
total  absence  of  fat.  Together  with  the  dartos,  it  forms  a  verti- 
cal partition  between  the  testes,  termed  the  septimi  scroti,  which 
passes  from  the  raphe  to  the  under  aspect  of  the  penis,  as  far  as 
its  root.  It  is  not  a  complete  partition,  since  air  or  fluid  will 
pass  from  one  side  to  the  other.  The  great  abundance  and 
looseness  of  this  tissue  explains  the  enormous  swelling  of  the 
scrotum  in  cases  of  anasarca,  and  in  cases  where  urine  is  extra- 
vasated  into  it  in  consequence  of  rupture  or  ulceration  of  the 
urethra. 

The  coverings  of  the  testes,  in  addition  to  these  two  layers 
of  the  scrotum,  are  the  intercoltimnar  or  spermatic  fascia,  derived 
from  the  pillars  of  the  external  abdominal  ring,  the  cremasteric 
fascia,  derived  from  the  lower  border  of  the  internal  oblique  of 
the  abdomen,  the  infundibuliform  fascia,  derived  from  the  fascia 
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transversalis,  and,  lastly,  the  tunica  vaginalis,  derived  from  the 
parietal  layer  of  the  peritoneum. 

The  spermatic  fascia,  cremaster  muscle,  and  the  infundibuli- 
form  fascia  have  been  described  (pp.  425,  428,  435). 

Each  of  these  coverings  cannot  be  demonstrated  under  ordi- 
nary circumstances,  because  they  are  so  blended  together :  but 
they  can  be  shown  when  hypertrophied  in  the  case  of  old  and 
large  hernia;. 

The  arteries  supplying  the  tissues  of  the  testis  are  the  cre- 
masteric branch  of  the  deep  epigastic  artery,  the  superficial  and 
deep  external  pudic  branches  of  the 
common  femoral  artery,  and  the  su- 
perficial perineal  branch  of  the  in- 
ternal pudic  artery. 

The  nerves  are  derived  from  the 
ilio-inguinal,  the  genital  branch  of  the 
genito-crural,  the  superficial  perineal 
nerves,  and  the  inferior  pudendal 
branch  of   the  lesser   sciatic  nerve. 

The  lymphatics  pass  to  the  in- 
guinal glands. 

Testis,  —  The  testis  is  a  gland 
of  an  oval  shape  with  flattened  sides, 
suspended  obliquely  in  the  scrotum 
by  the  spermatic  cord,  so  that  its 
upper  end  is  directed  forwards  and 
upwards,  its  lower  end  in  the  reverse 
direction.  The  left  is  generally  a 
little  lower  of  the  two.  Each  testis 
is  from  an  inch  and  a  half  to  two 
inches  {J.8 to ^ cm.)  in  length,  an  inch  in  breadth  (2.50  mm.),  and 
an  inch  and  a  quarter  (J./  cm.)  from  behind  forwards.  Its  weight 
is  from  six  to  seven  drachms  {2J.2  to  2"/ grni.),  but  few  organs 
present  greater  variations  in  size  and  weight,  even  in  men  of  the 
same  age  ;  generally  speaking,  the  left  is  the  larger.  The  front 
and  sides  of  the  testis  are  convex  and  smooth,  and  are  covered 
with  the  visceral  layer  of  the  tunica  vaginalis  ;  but  the  posterior 
surface  is  only  partially  invested,  as  there  is  here  placed  a  long 
narrow  body,  termed  the  epididymis  ;  this  is  not  a  part  of  the 
testis,  but  an  appendage  to  it,  formed  by  the  convolutions  of  its 
long  excretory  duct. 

The  epididymis  consists  of  a  larger  upper   end  called   the 


Fig.  319.  —  Diagram  op  a  Vertical 
Section  Thkough  the  Testicle. 

I.  Mediastinum  testis,  containing  the 
rate  testis.  2,2.  Trabeculae.  3.  One 
of  the  lobules.  4,4.  Vasa  recta.  5. 
Coni  vasculosis,  forming  the  "  globus 
major"  of  the  epididymis.  6.  Glo- 
bus minor,  or  lower  end  of  the  epidi- 
dymis.    7.  Vas  deferens. 
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globus  major  (Fig.  319,  5)  and  of  a  lower  smaller  end,  'Ca^  globus 
minor  (Fig.  319,  6),  the  two  being  connected  together  by  the 
body.  The  globus  major  is  connected  with  the  testicle  by  radi- 
ating efferent  ducts  ;  the  globus  minor  is  only  connected  with 
the  organ  by  connective  tissue  and  the  tunica  vaginalis.  The 
upper  and  lower  ends  and  the  outer  surface  of  the  epididymis 
are  covered  with  serous  membrane,  as  is  also  the  body,  except 
at  its  anterior  border,  where  the  vessels  enter  and  emerge. 
Situated  between  the  globus  major  and  the  body  of  the  testis 
are  one  or  two  small  pedunculated  bodies,  called  the  hydatids  of 
Morgagni  ;  they  are  formed  by  pouchings  of  the  tunica  vaginalis, 
and  are  filled  with  blood-vessels  bound  together  by  connective 
tissue.* 

A  considerable  quantity  of  unstriped  muscular  tissue  exists 
at  the  posterior  part  of  the  epididymis  and  testis  beneath  the 
infundibuliform  fascia,  and  has  been  described  by  Kolliker  as 
the  inner  muscular  tissue. 

Coverings  of  the  Testicle.  —  The  testicle  is  invested  by 
three  coverings,  which  are —  i.  A  serous  membrane,  called  the 
tunica  vaginalis,  to  facilitate  its  movements.  2.  A  strong 
fibrous  membrane,  called  the  ttinica  albuginea,  to  support  the 
glandular  structure  within.  3.  A  delicate  vascular  stratum, 
termed  the  tunica  vasculosa,  which  consists  of  a  layer  of  minute 
blood-vessels. 

The  tiinica  vaginalis  is  a  closed  serous  sac,  one  part  of 
which,  ttmica  vaginalis  propria,  adheres  closely  to  the  testis  ; 
the  other,  tunica  vaginalis  rejlexa,  is  the  reflected  portion,  ad- 
herent to  the  inner  surface  of  the  infundibuliform  fascia,  and 
loosely  surrounds  the  testicle.  On  opening  the  sac,  it  will  be 
seen  that  the  visceral  layer  completely  covers  the  testicle,  ex- 
cept behind,  where  the  vessels  and  duct  are  situated  (Fig.  320)  ; 
and  that  it  covers  the  outer  part  of  the  epididymis  in  front  and 
behind,  forming  here  a  pouch  called  the  digital  fossa-  The 
parietal  layer  extends  upwards  for  a  variable  distance  upon  the 
cord  and  below  the  testicle.  The  interior  of  the  sac  is  smooth 
and  polished  like  all  other  serous  membranes,  and  lubricated  by 
a  little  fluid.  An  excess  of  this  fluid  gives  rise  to  the  disease 
termed  hydrocele. 

The  portion  of  the  process  of  peritoneum  between  the  in- 
ternal abdominal  ring  and  the  upper  part  of  the  tunica  vaginalis 

*  The  largest,  which  lies  upon  the  top  of  the  testis,  is  stated  to  be  the  vestige 
of  the  Miillerian  duct. 
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testis  (the  spermatic  portion  of  the  tunica  vaginaHs)  becomes,  in 
the  process  of  development,  converted  into  a  fibrous  cord, 
which  may  usually  be  recognized,  but  which  is  sometimes  so 
atrophied  as  not  to  be  recognized. 

The  tunica  vaginalis  testis  was  originally  derived  from  the 
peritoneum.  In  some  subjects  it  still  communicates  with  that 
cavity  by  a  narrow  canal,  and  is  therefore  liable  to  become  the 
sac  of  a  hernia  (Fig.  163,  p.  442).  Such  herniae  are  called  con- 
genital—  a  misleading  term,  since  they  do  not  necessarily  take 
place  at  birth,  but  may  occur  at  any  period  of  life,  even  in  very 
old  age.*  Sometimes  the  communication  continues  through  a 
very  contracted  canal,  open  to  the  passage  of  fluid  alone  ;  or  the 
communication  may  be  only  partially 
obliterated,  and  then  one  or  more 
isolated  serous  sacs  are  left  along  the 
cord.  Such  a  one,  when  distended 
with  fluid,  gives  rise  to  hydrocele  of 
the  cord. 

The  tunica  albuginea  is  a  dense, 
white,  inelastic  membrane,  composed 
of  white  fibrous  tissue,  interlacing  in 
every  direction ;  analogous  to  the 
sclerotic  coat  of  the  eye.  It  com- 
pletely invests  the  testis,  but  not  the 
epididymis.      It    is    covered    by    the 

visceral  layer  of  the  tunica  vaginalis,  (xhe'do^trshow '^hrreflections  of  the 
except  behind  and  at  the  attachments  *""'''='  vaginalis.) 

of  the  epididymis.  At  the  posterior  '■  ^^^^^^L^I^u^:^^  "S^. 
part  of  the  gland  it  penetrates  into  its  "clvity  If  tSnag^aiir"-  ''  '' 
substance  for  a  short    distance,  and 

forms  an  incomplete  vertical  septum,  termed  after  the  anatomist 
who  first  discovered  it,  corpus  Highmorianum,  and  subsequently 
by  Sir  A.  Cooper,  mediastinum  testis  (Fig.  320,  5). 

The  mediastinum  testis  transmits  the  blood-vessels  of  the 
organ,  and  contains  also  the  network  of  seminal  ducts,  called 
the  rete  testis,  shown  in  the  diagram  (Fig.  319).  The  septum 
gives  off  from  its  front  and  sides  a  number  of  diverging  slender 
fibrous  cords,  trabeculce  testis,  jf  which  traverse  the  interior  of  the 

»  It  would  he  a  better  term  to  call  this  lesion  a  Aern/a  iti  the  ttinica  vas^inalis, 
denoting  thereljy  its  anatomical  position  ;  at  the  same  time  implying  a  rotigcnitai 
arrest  in  development,  and  without  limiting  its  occurrence  to  any  age  of  life. 

t  Kfilliker  has  de-nonstraled  un.striped  mu.scular  fibres  upon  the  septa  as  well  as 
the  mediastinum. 


Fig.  320.  —  Transverse  Section 
Through  the  Left  Testicle. 
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gland,  and  are  attached  to  the  inside  of  the  tunica  albuginea. 
They  serve  to  maintain  the  general  shape  of  the  testicle,  to 
support  the  numerous  lobules  of  which  its  glandular  substance 
is  composed,  and  to  convey  the  blood-vessels  into  it.  These 
septa,  as  well  as  the  mediastinum  from  which  they  proceed,  are 
readily  seen  on  making  a  transverse  section  through  the  gland 
(Fig.  320). 

The  timica  vasculosa  {pia  mater  testis)  consists  of  a  multi- 
tude of  minute  blood-vessels,  formed  by  the  ramifications  of  the 
spermatic  artery,  and  held  together  by  delicate  areolar  tissue. 
It  covers  the  inner  surface  of  the  tunica  albuginea,  arid  gives  off 
branches,  which  run  with  the  fibrous  septa  into  the  interior  of 
the  gland. 

Minute  structure.  — When  the  testis  is  cut  into,  its  surfaces 
become  convex,  and  present  a  dirty  fawn  color.  The  section  is 
soft  and  pulpy,  and  is  seen  to  consist  of  numerous  Icbules,  be- 
tween two  hundred  and  fifty  and  four  hundre'd  in  num.ber,*  of 
various  sizes,  the  central  being  the  larger,  and  contained  in  the 
compartments  formed  by  the  fibrous  septa  proceeding  from  the 
mediastinum  testis.  A  few  only  of  these  lobules  are  shown  in 
the  diagram.  These  lobules  are  conical  in  shape,  their  bases 
being  anterior  and  their  apices  at  the  mediastinum,  and  are 
bounded  by  the  septa  which  pass  from  the  m.ediastinum.  They 
contain  two  or  more  minute  convoluted  tubes,  iubiili  seminiferi, 
which  may  be  easily  unravelled,  in  consequence  of  their  tough 
walls.  Their  number  has  been  estimated  to  be  between  8co 
and  900,  and  each  has  a  length  of  about  18  inches  {JS  cm.)  and 
a  diameter  averaging  -j^Tyth  of  an  inch  {.J  mm.).  They  com- 
mence either  by  communications  with  other  tubes  or  by  csecal 
extremities,  and  they  frequently  exhibit  small  bulgings  in  their 
course  backwards.  The  walls  of  the  tubuli  consist  of  a  meni- 
brana  propria,  composed  of  several  layers  of  flattened  cells,  and 
the  walls  are  lined  with  several  irregular  layers  of  cells, between 
which  may,  under  the  microscope,  be  distinguished  seminal  fila- 
ments in  various  stages  of  development.  The  tubuli  seminiferi 
are  connected  together  by  a  delicate  interstitial  tissue,  the 
lamina  of  which  are  surrounded  by  flattened  epithelioid  cells, 
and  between  them  are  lymjph-spaces  in  direct  communication 
with  the  lymphatics  of  the  testicle.  In  this  intertubular  tissue 
ramify  the  minute  branches  of  the  spermatic  artery  which  sur- 
round the  tubules. 

*  The  larger  estimate  is  that  by  Krause  ;  the  s  nailer,  that  by  Berres. 
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After  pursuing-  a  convoluted  course,  the  tubules  unite  in 
front  of  the  mediastinum  into  from  thirty  to  fifty  straight  vessels, 
vasa  recta,  which  penetrate  the  mediastinum  testis,  and  these 
form  an  anastomosing  plexus  of  seminal  tubes,  called  the  rete 
testis  (Fig.  319).  This  lies  along  the  back  of  the  gland.  From 
the  upper  part  of  the  rete,  its  tubes  converge  to  form  twelve  to 
fifteen  tubes,  termed  vasa  ejfoentia,  which  perforate  the  tunica 
albuginea,  and  convey  the  seminal  secretion  to  the  upper  part  of 
the  epididymis.  The  vasa  efferentia  are  at  first  straight,  but 
ultimately  form  a  number  of  coils  termed  coni  vasculosis  which 
collectively  constitute  the  globus  major  of  the  epididymis.  The 
coni  vasculosi  are  about  -g^oth  of  an  inch  (.5  inin.)  in  diameter, 
and  about  \  to  |  of  an  inch  (/J  to  //  mm.)  long;  when  un- 
ravelled they  obtain  a  length  of  six  to  eight  inches  {i^  to 
20  cm). 

At  the  globus  major  the  smaller  tubes  terminate  in  a  single 
duct,  the  canal  of  the  epididymis,  which  in  its  descent  describes 
an  extremely  tortuous  coil,  constituting  the  body  and  globus 
minor  of  the  epididymis.  The  length  of  the  canal  of  the  epi- 
didymis is,  in  its  natural  condition,  about  three  inches  {J.^  cm), 
but  when  unravelled  it  is  nearly  twenty  feet  {6  m)  in  length. 
The  diameter  of  the  canal  is  about  s\th  of  an  inch  (../  mm.).  It 
is  lined  with  columnar  ciliated  epithelium. 

Vas  Deferens.  — The  vas  deferens  begins  at  the  lower  part 
of  the  globus  minor ;  at  first  it  is  somewhat  convoluted,  but,  as 
it  ascends  behind  the  epididymis,  it  becomes  subsequently 
straight,  and  joins  the  other  component  parts  of  the  cord. 
After  passing  through  the  inguinal  canal,  it  enters  the  abdomen 
through  the  internal  ring.  It  then  winds  round  the  outer  side 
of  the  deep  epigastric  artery,  and,  after  crossing  over  the  exter- 
nal iliac  artery  and  vein,  it  enters  the  pelvis,  curves  round  the 
side  and  lower  part  of  the  bladder,  and  empties  itself  into  the 
prostatic  part  of  the  urethra,  after  running  a  course  of  about  two 
feet.  Its  course  in  the  abdomen  has  been  previously  described 
(p.  521).  Its  length  is  two  feet  (60  cm)  and  its  diameter  J^th 
of  an  inch  {2.^  mm.). 

In  connection  with  the  anterior  aspect  of  the  cord,  just 
above  the  epididymis,  are  two  or  three  small  masses  of  con- 
voluted tubes,  which  are  known  as  the  organ  of  Giraldts,  or  the 
parepididymis.  They  arc  lined  with  squamous  epithelium,  and 
are  probably  the  remains  of  part  of  the  Wolffian  body. 

The  vas  aberrans  is  a  small  convoluted  tubule,  with  a  caecal 
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extremity,  found  between  the  epididymis  and  the  cord,  and  com- 
municating usually  with  the  canal  of  the  epididymis.  It  is  about 
an  inch  {2.^  cm.)  in  length,  but,  when  frayed  out,  varies  from 
two  to  twelve  inches  (5  to  JO  cm.)  in  length.  It,  like  the  organ 
of  Giraldes,  is  connected  with  a  foetal  structure  —  the  Wolffian 
body. 

The  vas  deferens  consists  of  an  external  or  connective-tissue 
coat  ;  a  middle  or  muscular  coat,  composed  of  longitudinal  and 
circular  fibres  intermingled  with  elastic  tissue  ;  and  an  internal 
or  mucous  coat,  arranged  in  longitudinal  folds,  and  lined  with 
columnar  epithelium.  It  can  always  be  recognized  from  the 
other  constituents  of  the  spermatic  cord  by  its  hard  whipcord- 
like feel. 

Spermatic  Cord.  —  The  spermatic  ^f?n/ begins  at  the  interal 
ring,  traverses  the  inguinal  canal,  and  extends  to  the  testis, 
where  its  component  parts  pass  to  their  respective  destinations. 
It  is  composed  of  the  spermatic  vessels,  nerves,  and  lymphatics  ; 
of  the  vas  deferens,  with  the  deferential  artery,  a  branch  of  the 
superior  vesical ;  of  the  cremaster  muscle  and  the  cremasteric 
artery,  a  branch  of  the  deep  epigastric.  The  coverings  of  the 
cord  have  been  described,  with  the  anatomy  of  the  parts  con- 
cerned, in  inguinal  hernia  (p.  440). 

The  spermatic  artery  in  its  course  along  the  cord  becomes  re- 
markably tortuous  ;  it  enters  the  back  part  of  the  testicle,  and 
breaks  up  into  a  number  of  fine  ramifications,  which  spread  out 
on  the  inner  surface  of  the  tunica  albuginea. 

The  spermatic  veins  leave  the  testis  at  its  back  part,  and,  as 
they  ascend  along  the  cord,  become  extremely  tortuous  and  form 
a  plexus,  termed  the  pampiniform  plexus.  They  lie  in  front  of 
the  vas  deferens  and  unite  to  form  a  single  vein,  which  on  the 
right  side  opens  into  the  inferior  vena  cava,  and  on  the  left  side 
into  the  left  renal  vein.  It  is  usually  stated  that  these  veins 
are  destitute  of  valves ;  and  this  fact  is  adduced  as  one  of  the 
reasons  for  the  occurrence  of  varicocele.  It  is,  however,  certain 
that  the  larger  veins  do  contain  valves. 

The  lymphatic  of  the  testis  pass  through  the  lumber  glands  ; 
hence  these  glands,  and  not  the  inguinal,  become  affected  in 
malignant  diseases  of  the  testis. 

The  nc'fves  of  the  testicle  are  derived  from  the  sympathetic. 
They  descend  from  the  abdomen  with  the  spermatic  arteries, 
and  come  from  the  aortic  and  renal  plexuses,  with  a  few  fila- 
ments from  the  hypogastric  plexus,  which  surround  the  defer- 
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ential  artery  (p.  526).  This  accounts  for  the  ready  sympathy 
of  the  stomach  and  intestines  with  the  testicle,  and  for  the  con- 
stitutional effects  of  an  injury  to  it. 

Descent  of  the  Testis.  —  The  testicle  is   originally  devel- 
oped in  the  lumbar  region,  immediately  below  the  kidney,  and 
is  loosely  attached  to  the  back  of  the  abdomen   by  a  fold  of 
peritoneum,  termed  the  mesorchium,  along  which  its  vessels  and 
nerves  run  up   to  it,  as  to  any  other  abdominal  viscus.      From 
the  lower  end  of  the   gland  a  fibrous  cord,  termed    the  giiber- 
naculiim  testis*  proceeds  to  the  bottom  of  the  scrotum.     There 
is  no  evidence  to  warrant  the  assumption  that  the  gradual  eon- 
traction  of  the  gubernaculum  effects  the  descent  of  the  testis 
The  organ  begins  to  descend  from  the  lumbar  region  about  the 
fifth  month  of  fcetal  life,  reaches    the  internal   ring  about  the 
seventh,  and  about  the  ninth  has    entered    the    scrotum.     Its 
original  peritoneal  coat  is  retained  throughout  ;  but  as  it  enters 
the   inguinal    canal    the    peritoneal    lining    of   the  abdomen  is 
pouched   out    before  it,    and    eventually    becomes    the   tunica 
vaginalis  reflexa.     Immediately   after  the  descent  of  the  testis 
its  serous  big  communicates  with  the  abdomen,  and  in  the  lower 
animals  continues  to  do  so  throughout  life.f     But  in  the  human 
subject  the  canal  of    communication   soon  begins  to  close.     It 
closes  at  the  upper  extremity  first,:}:  and  the  closure  is  generally 
complete  in  a  child  born  at  its  full  time.§     This  provides  against 
the  occurrence  of  rupture,  to   which  man,  owing  to  his  erect 
position,  is  more  exposed  than  animals.      At  the  end  of  the  first 
month   after  birth   the  canal   is  entirely   obliterated  from  the 
internal  ring  of  the  testis.       Sometimes,  however,  this  oblitera- 
tion fails,  or  is  only  partial ;    hence  may  arise  congenital  hernia, 

*  Mr.  Curling  considers  the  gubernaculum  testis  to  be  a  muscular  cord.  See 
his  "Observations  on  the  Structure  of  the  Gubernaculum,  and  on  the  Descent  of 
the  Testis  in  the  Foetus,"  Medical  Gazette,  April  lo,  1841.  This  is  denied  by 
Cleland.     See  "  Mechanism  of  the  Gubernaculum  Testis,"  1856. 

t  According  to  Professor  Owen,  the  African  orang-outang  (Simia  troglodytes)  is 
the  only  exception  to  this  rule.  In  this  animal  it  is  interesting  to  observe  that  the 
lower  extremities  are  more  fully  developed  as  organs  of  support,  and  there  is  a 
ligamentum  teres  in  the  hip-joint. 

X  The  frequency  of  hernia  in  the  funicular  portion  of  the  vaginal  process  of  the 
peritoneum  hardly  bears  this  out. 

§  Camper  has  shown  that  the  canal  on  the  right  side  is  nearly  always  open  at 
birth,  whereas  that  on  the  left  is  usually  closed.  This  explains  the  greater  fre- 
quency of  hernia  on  the  right  side  in  children  under  one  year  old.  Thus  out  of 
3,014  ca.ses  of  inguinal  hernia  seen  at  the  City  of  London  Truss  Society  under  one 
year  2,269  occurred  on  the  right  side  and  745  on  the  left ;  or  in  the  proportion  of 
3  to  I. 
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or  hydrocele.  The  possible  existence  of  a  communication  be- 
tween the  tunica  vaginalis  and  the  peritoneal  cavity  of  the  ab- 
domen is  one  reason,  among  many,  why  caution  should  be 
observed  in  treating  hydroceles  in  children  with  stimulating 
injections. 


HEWSON'S   ANOMALY   BLANK.* 


student's  Name, 


Note  Anomalies  or  variations  (after  referring  to  Morris's  Anatomy),  and  have  the  same  verified  by 
a  demonstrator  who  signs  this  card.  When  examined  on  the  part,  this  blank  is  to  be  returned 
to  Dr.  ,  Demonstrator  of  Anatomy,  Medical  College. 


Table  No. 
Prob.  Age, 


A.  B. 
Color, 


Sex, 


Bones. 
Muscles. 

Arteries. 

Veins. 

Nerves. 

Viscera. 
Peritoneum. 
Pericardium. 
Pleura. 

I  have  examined  the  above  specimen  and  report  it  correct. 


J».  D., 

Demonstrator, 


*  On  the  reverse  side  is  space  for  the  student    to    make   a   drawing, 
original  size  of  this  chart  is  g'A  x  6  inches. 
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I  The  blank  on  opposite  page  has  been  used  by  the  editor  with  so 
much  success  that  it  is  given  here  as  a  suggestion  to  other  teachers 
who  do  not  keep  any  record  of  anomaUes. 

The  object  of  this  blank  is  twofold  :  first,  to  obtain  a  verified 
record  of  anomalies ;  second,  as  an  educator  in  preparing  the  student 
to  put  into  words  what  he  sees.  What  is  not  so  well  expressed  by 
description  may  be  thoroughly  done  by  a  drawing.  In  recording  the 
number  of  the  table  I  can  inquire  of  other  students  on  the  same  body 
whether  any  anomalies  were  present. 

A.  B.  After  this  is  placed  the  number  given  to  the  body  by  the 
Anatomical  Board,  by  means  of  which  any  history  may  be  traced. 

The  other  points  in  the  blank  need  no  illumination. 

The  reason  Morris's  Anatomy  is  referred  to  is  because  the 
"Variations"  are  so  specifically  marked  and  are  more  easily  found 
by  the  student  than  in  any  other  work. 

The  rigid  examination  held  after  each  part  has  been  dissected,  has 
done  much  to  stimulate  the  student  to  work  carefully  and  note  what 
he  finds. 
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Abdomen,  dissection  of,  417 

parts  exposed  on  opening,  445 

regions  of,  417 

superficial  fascia  of,  419 

surface  marking  of,  417 
Abdominal  muscles,  functions  of,  431 

ring,  external,  425 
internal,  434 

walls,  arteries  of,  435 
nerves  of,  432 
Abducens,  nerve,  730 
Accelerator  urinae,  501 
Acervulus  cerebri,  747 
Achillis,  tendo,  664 
Adductor  brevis,  615 

longus,  613 

magnus,  616 
Ala  cinerea,  750 
Alimentary  canal,  anastomoses  on,  592 

arterial  supply  of,  592 

length  of,  451 
Ampulla,  448 
Ampulla  of  semicircular  canals,  802 

of  rectum,  517 
Amygdala  cerebelli,  755 
Anal  glands,  496 

fascia,  515 
Anastomoses,  alimentary  canal,  592 
Ani,  sphincter,  497 

levator,  523 
Ankle-joint,  ligaments  of,  695 

movements  of,  696 
Annular  ligament  of  ankle,  631 
Antitragus,  792 
Antihelix,  792 

fossa  of,  792 
Aorta,  abdominal,  461,  476 
Aponeurosis,  gluteal,  601 
Appendix  vermiformis,  448 
Aquxductus  cochlea;,  801 

Sylvii,  748 

vestibuli,  801 
Arachnoid  membrane  of  brain,  702 

of  spinal  cord,  762 
Arbor  vitae  of  cerebellum,  756 

uterus,  550 


Arch,  crural,  425,  603 

parts  passing  under,  604 
deep,  438 
Arterial   inosculations   of    femoral    ar- 
tery, 625 
Arteries :  — 

anastomotica  magna  of  femoral,  625 
anterior  cerebral,  704 
ciliary,  782 

communicating,  704 

perforating,  of  foot,  697 

peroneal,  670 

spinal,  706 

superior  cerebellar,  706 

tibial,  634 
aorta,  abdominal,  461,  476 

branches  of,  461 
articular,  of  knee,  655 

ankle,  666 
auditory,  810 
azygos,  655,  666 
basilar,  706 

transverse  of,  706 
of  brain,  704 
bulb,  507 

calcanean  internal,  671,  677 
capsular,  478,  563 
carotid,  internal,  704 
centralis  modioli,  803 

retinae,  788 
cerebellar,  anterior  superior,  706 

posterior  inferior,  706 
superior,  706 
cerebral,  anterior,  704 

middle,  704 

posterior,  706 
choroid,  anterior,  704 

posterior,  706 
circle  of  Willis,  704,  706 
circulas  major,  782 

minor,  782 
circumflex,  thigh,  external,  624 

internal,  624 
circumflexa  ilii,  deep,  428,  436,  486 

superficial,  420,  596 
coccygeal,  651 
Cftliac  axis,  461,  462 
colica  dextra,  4C7 
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Arteries:  — 

colica  media,  467 

sinistra,  467 
comes  nervi  ischiatici,  65 1 
communicating  anterior  of   tibial, 
671 

posterior  of  tibial,  671 
coronaria  ventriculi,  463 
corpus  cavernosum,  507,  542 
cremasteric,  428 
cystic,  464 

deep  external  pudic,  597 
deferential,  526 
digital,  of  toes,  636,  677 
dorsalis  hallucis,  636 

pedis,  636 
dorsal  interosseous  of  foot,  636 
dorsal,  of  penis,  507 
epigastric,  deep,  432,  435,  486 

superficial,  420,  596 
femoral,  615 

superficial,  615 

deep,  624 
gastric,  462,  585 
gastro-duodenalis,  464 
gastro-epiploica  d-extra,  464 

sinistra,  464 
gluteal,  525,  645 

inferior,  651 
groin,  596 
helicine,  543 
haemorrhoidal  external,  498 

middle,  526 

superior,  468 
hepatic,  463,  563 
hypogastric,  445,  525 
ileo-colic,  467 
iliac,  common,  484 

deep  circumflex,  436,  486 

external,  485 

internal,  524 
ilio-lumbar,  525 
intercostal,  435 
interlobular,  579 
lateral  sacral,  525 

spinal,  706 
long  ciliary,  782. 
lumbar,  435,  461,  478 
malleolar,  635 
mammary,  internal,  435 
meningeal,  posterior,  706 
mesenteric,  inferior,  461,  468 

superior,  461,  467 
metatarsal,  636 
middle  cerebral,  704 

hemorrhoidal,  526 

sacral,  479 


Arteries :  — 

middle  vesical,  525,  534 
muscular  to  neck,  706 
musculo-phrenic,  435 
nutrient,  of  femur,  625 

to  tibia,  671 
obturator,  526,  627 

pubic  branch  of,  526 
oesophageal,  of  gastric,  463 
omental,  464 
ovarian,  461,  478,  556 
pancreatic,  464,  569 
pancreatico-duodenal,  inferior,  467 

superior,  464,  467 
perforating,  of  foot,  677 

thigh,  625 
perineal,  superficial,  498-500 

transverse,  500 
plantar,  external,  676 

internal,  676 
peroneal,  670 

anterior,  671 
phrenic,  461,  476 
popliteal,  655,  665 

articular  branches  of,  666 

branches  of,  666 
posterior  communicating,  704 

cerebral,  704,  706 
profunda  femoris,  624 
pubic,  of  deep  epigastric,  428 

obturator,  526 
pudic,  internal,  506,  527,  651 

deep  external,  597 

superficial  external,  420,  597 
pyloric,  464 
rectum  of,  518 
renal,  461,  478,  580 

branches  of,  579 
sacral,  lateral,  525 

middle,  461,  479,  527 
sciatic,  527,  651 
sigmoid,  468 
spermatic,  461,  478,  820 
spinal  anterior,  706,  767 

posterior,  706,  767 
splenic,  463,  571 
stylo-mastoid,  800 
superficialis  perinei,  498 
supra-renal,  461,  478 
sural,  655,  666 
tarsal,  636 
testis,  of,  819 
tibial,  anterior,  635 

posterior,  670 

recurrent,  635 
transversalis  perinei,  500 
tympanum,  of,  800 
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Arteries :  — 

uterine,  548 

vaginal,  548 

vasa  brevia,  464 

vertebral,  705 

lateral,  spinal  of,  706 
posterior  meningeal  of,  706 

vesical,  inferior,  526,  534 
middle,  525,  534 
superior,  525,  534 
Articulations,  ankle,  696 

astragalo-calcanean,  697 

astragalo-scaphoid,  697 

calcaneo-cuboid,  699 

calcaneo-scaphoid,  697 

hip,  684 

inter-phalangeal,  701 

metatarsal,  701 

metatarsophalangeal,  701 

phalangeal,  701 

pubic,  683 

sacrococcygeal,  682 

sacro-iliac,  682 

sacro-vertebral,  681 

supra-renal,  581 

tarsal,  700 

tarso-metatarsal,  700 

tibiofibular,  inferior,  694 
superior,  694 
Auditory  meatus,  external,  793 

nerve,  730,  810 
Auerbach's  plexus,  589 
Auricle  of  ear,  792 
Axis  coeliac,  462 
Azygos  artery,  655,  666 


Band,  ilio-tibial,  600 
Bartholin,  glands  of,  510 
Bertini,  columns  of,  574 
Bichat,  fissure  of,  740 
Biliary  ducts,  565 
Biceps  of  thigh,  656 
Bladder,  519 

arteries  of,  534 

female,  544 

ligaments  of,  493,  513,  515 

nerves  of,  535 

position  of,  519 

sphincter  of,  533 

structure  of,  531 

trigone  of,  533 

uvula  of,  534 

veins  of,  535 
Brain,  702 


Brain,  annectent  gyri,  718,  719 
arteries  of,  704 
central  fissure  of,  712,  715 
cornua  of,  735 
division  of,  707 
fissures  of,  714,  etc. 
lobes  of,  717 
membranes  of,  702 
peculiarities  of  circulation  in,  707 
weight  of,  707 
Breasts,  812 

Bruch,  membrane  of,  779 
Brunner's  glands,  587 
Burns'  ligament,  602 
Bursae,  of  patella,  621 

under  gastrocnemius,  664 
gluteus  maximus,  643 

medius,  644 
gracilis,  6 1 1 

ligamentum  patellae,  689 
obturatur  internus,  646 
popliteus,  667 
Sartorius,  609 
semi-membranosus,  659 
tuberosity  of  ischium,  497 


C. 

Caecum,  448 

meso-CKCum,  459 
Calamus  scriptorius,  749 
Calcar,  741 
Canal,  of  Alcock,  527 

crural,  606 

femoral,  606 

of  Huguier,  800 

Hunter,  622 

inguinal,  436 

of  Niick,  495 

Petit,  790 

Schlemm,  777 

Stilhng,  790 

Wirsung,  470 
Canahs  reuniens,  805 

spiralis  modioli,  804 
Canals,  semicircular,  801 
Capsule,  Glisson's,  465,  562 

internal,  741 

of  Tenon,  772 
Capsules,  supra-renal,  429,  453,  580 
Caput  coli,  448 

gallinaginis,  535 
Carotid  artery,  internal,  704 
Cartilages,  of  pinna,  792 
Carunculac  myrtiformes,  510 
Carus,  curve  of,  545 
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Cauda,  equina,  764,  767 
Caudate  nucleus,  740 
Centrum  ovale  majus,  733 

minus,  732 
Cerebellar  tract,  710 
Cerebellum,  753 

function  of,  756 

inferior  peduncles  of,  749 

middle  peduncles  of,  756 

superior  peduncles  of,  748 

structure  of,  756 

inferior  vermifonn  process,  754 

superior  vermiform  process,  754 
Cerebral    circulation,    peculiarities    of, 

707 
Cerebro-spinal  fluid,  702 

of  cord,  762 
Cerebrum,  712 

base  of,  723 

crura  of,  726 

development  of,  757 

hemispheres  of,  712 

labium  of,  722 

longitudinal  fibres  of,  712 

peduncular  fibres  of,  751 

structure  of,  750 

transverse  fibres  of,  761 

ventricles  of,  738,  744,  749 
Chambers  of  the  eye,  775,  789 
Choroid  arteries,  704 

coat  of  eye,  778 

plexus,  704,  737,  742 
Chyli  receptaculum,  476 
Ciliary  muscle,  780 

processes,  779 
Circulus  major  and  minor,  782 
Circumflex  artery,  external,  624 

iliac  artery,  deep,  428 
superficial,  597 

internal,  624 
Clava,  710 
Clitoris,  509 

erector  of,  509 

glans  of,  509 

prepuce  of,  509 
Coccygeal  gland,  479,  527 
Coccygeus,  524 
Cochlea,  802 

canal  of,  803 

columella  of,  803 

modiolus,  803 

spiral  canal,  803 
Collateral    circulation  after  ligature  of 

iliac,  external,  485 
common,  484 

femoral,  common,  625 
superficial,  625 


Colliculis  nervi  optici,  784 
Colon,  ascending,  448 

descending,  448 

transverse,  448 
Column  of  Goll,  710 
Columns  of  Bertini,  574 
Columnse  rugarum,  546 
Commissure,  anterior,  745 

great  transverse,  723 

middle,  744 

of  cord,  764 

of  labium,  508 

optic,  724 

posterior,  508,  745 
Coni  vasculosi  testis,  819 
Concha  of  ear,  792 
Conjunctiva,  771 
Conus  medullaris,  764 
Convolutions,  dentate,  722 

frontal,  717 

occipital,  719 

parietal,  718 

temporo-sphenoidal,  719 

uncinate  or  hippocampal,  722 
Cord,  spermatic,  425,  437,  820 

spinal,  758,  764 
Cornea,  774 
Corpora  albicantia,  725 

quadrigemina,  747 
Corpus,  callosum,  713,  732,  733 
ventricle  of,  733 

cavernosum  penis,  541 

dentatum  cerebelli,  709,  756 

fimbriatum,  737 

Highmorianum,  817 

luteum  of  ovary,  554 

spongiosum,  543 

striatum,  740 
Corti,  organ  of,  806 

rods  of,  806 

tunnel  of,  806 
Cotunnii  liquor,  808,  810 
Cotyloid  ligament,  686 
Cov^rper's  glands,  506 

structure  of,  537 
Cranial  nerves,  origin  of,  727 
Cremaster  muscle,  428 
Cribriform  fascia,  595,  602 
Crista,  acustica,  809 

vestibuli,  801 
Crucial  anastomosis,  624 

ligaments,  691 
Crural  arch,  425,  603 

deep,  438,  606 

canal,  606 

nerve,  anterior,  489,  626 
Crusta  of  crus  cerebri,  726 
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Crystalline  lens,  790 
Cuneus,  721 
Cupola  of  cochlea,  803 
Cystic  duct,  466,  566 


D. 

Dartos  scroti,  S14 
Deiters,  cells  of,  S06 
Demours,  membrane  of,  777 
Descemet,  membrane  of,  777 
Descent  of  testis,  821 
Diaphragm,  472 

arteries  of,  475 

central  tendon  of,  473 

crura  of,  473 

functions  of,  475 

nerves  of,  475 

openings  in,  474 
Discus  proligerus,  556 
Dissection  of  the :  — 

abdomen,  419 

abdominal  viscera,  556 

brain,  702,  732 

diaphragm,  475 

eye,  771 

extremity,  lower,  594,  655 

femoral  hernia,  603 

foot,  sole  of,  671 

gluteal  region,  640 

hearing,  organ  of,  792 

inguinal  hernia,  438 

kidney,  472 

leg,  back  of,  661 
■  front  of,  628 

ligaments,  681 

mammary  gland,  812 

pelvis,  side  view  of,  512 
viscera  of,  4S9 
female,  544 

perineum,  male,  495 
female,  508 

scrotum,  814 

spinal  cord,  758 

stomach,  585 

testis,  815 
Douglas,  semilunar  fold  of,  428 

pouch  of,  457 
Ducts,  or  duct  of  — 

biliary,  565 

common  bile,  466,  566 
hepatic,  565 

Cowper's  gland,  506,  537 

cystic,  466,  566 

galactophorous,  813 

(jartner,  546 


Ducts,  hepatic,  466 

pancreatic,  470,  568 

prostate,  535 

Wirsung,  470,  56S 
Ductus    communis,   choledochus,  466, 
566 

ejaculatorius,  521 
Duodenum,  course  of,  447 

relations  of,  469 
Dura,  spinal  cord,  760 
Duverney's  glands,  510 


Ear,  792 

Eighth  pair  of  nerves,  730,  810 
Ejaculatory  ducts,  521 
Eleventh  nerve,  731 
Eminentia,  cinerea,  750 

collateralis,  736,  741 
Endolymph  of  labyrinth,  801,  809 
Ependyma  ventriculorum,  735 
F^pididymis,  81  5 
Epiphysis  cerebri,  746 
Eustachian  tube,  797 
Eye,  771 


Facial  nerve,  730 
Fallopian  tubes,  494,  552 

fimbria;  of,  494,  552 
Fascia,  abdominal,  419 

anal,  515 

cremasteric,  428,  438,  814 

cribriform,  595,  602 

dentata,  737,  740 

iliac,  480 

infundibuliform,  435,  438,  814 

intercolumnar,  425,  814 

ischio-rectal,  515 

lata  of  thigh,  600 

obturator,  515 

pelvic,  513 

perineal,  deep,  49S 
superficial,  498 

plantar,  672 

psoas,  480 

recto-vesical,  515 

spermatic,  425,  438,  814 

transversalis,  433,  438 
Fasciculi  graciles,  710 

teretes,  750 
P'emoral  artery,  615 

in  canal,  622 

sheath  of,  655 
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Femoral  ring,  605,  606 
Fenestra  ovalis,  796 

rotunda,  797 
Ferrein,  pyramids  of,  576 
Fibro-cartilages,  semilunar  of  knee,  691 
Fifth  cranial  nerve,  729 
Filium  terminale,  763 
Fimbriae  of  Fallopian  tube,  494,  552 
First  cranial  nerve,  727 
Fissures,   Bichat,  740 

calcarine  of  brain,  721 

calloso-marginal  of  brain,  720 

collateral,  721 

horizontal,  755 

longitudinal,  712,  723 

parieto-occipital,  716 

praecentral,  717 

primary  of  brain,  714 

Rolando,  715 

Santorini,  793 

Sylvius,  715 

triradiate,  717 
Flocculus,  755 
Folds,  Houston's,  592 

hepato-renal,  457 

rectal,  592 

semilunar,  of  Douglas,  428 
Follicles,  Graafian,  554 
Fontana,  spaces  of,  777 
Foot,  cutaneous  nerve  of  sole,  677 
Foramen  chordae  anterius,  800 

posterius,  800 

cjecum  of  medulla,  708 

Magendie,  703,  711,  749,  762 

Monro,  739 

quadratum,  474 

Winslow,  458 
Fornix,  739 

conjunctivae,  771 

crura  of,  739 
Fossa,  digital,  816 

duodeno-jejunalis,  460 

ileo-caecal,  591 

ischiorectal,  496,  508 

navicularis  of  labia,  508 

of  urethra,  539 

scaphoidea  of  ear,  792 

subcaelis,  460 
Fourchette,  508 
Fourth  cranial  nerve,  729 

ventricle,  749 
Fovea  centralis,  of  eye,  784 

hemi-elliptica,  801 

hemispherica,  801 

inferior,  750 

superior,  750 
Frasnulum,  748 


Fraenulum  labiorum,  508 
Funic\ilus-cuneatus,  710 
gracilis,  710 
of  Rolando,  710 


Galactophorous  ducts,  813 
Galen,  veins  of,  743 
Gall-bladder,  566 

duct  of,  566 

fissure  for,  559 

relations  of,  452 

structure  of,  566 
Ganglion,  diaphragmatic,  475,  487 

impar,  529 

optic,  725 

semilunar,  472,  487 

spirale,  804,  810 
Gastrocnemius,  662 
Genito-crural  nerve,  489 
Gimbernat's  ligament,  425,  604 
Giraldes,  organ  of,  819 
Glands,  agminate,  588 

anal,  495 

Bartholin,  510 

Brunner's,  587 

coccygeal,  479,  527 

Cowper's,  506,  537 

Duverney's,  510 

Havers',  687 

inguinal,  419,  595 

intestinal,  587 

Lieberkiihn,  587 

Littre,  540 

lumbar,  479 

Luschka,  479,  527 

peptic,  585 

Peyer,  588 

pineal,  746 

pituitary,  725 

popliteal,  655 

prostate,  522,  535 

Tyson,  541 

uterine,  552 
Glans  clitoridis,  509 

penis,  540 
Glisson's  capsule,  465,  562 
Globus  major,  816 

minor,  816 
Glossopharyngeal  nerve,  731 
Gluteal  region,  640 
Gluteus  maximus,  parts  seen  under,  642 

nerve,  inferior,  645,  651 
superior,  645 
Graafian  follicles,  554 
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Groin,  dissection  of,  596 
Gubernaculum  testis,  821 
Guthrie's  muijcle,  523 
Gyri  operti,  715,  722 
Gyrus  angular,  71S 
fornicatus,  7 28 


H. 


Hamstring  muscles,  656 

Hamulus  of  cochlea,  804 

Havers,  gland  of,  687 

Helicotrema,  803 

Helix,  792 

Henle,  looped  tubes  of,  in  kidney,  578 

Hepatic  artery,  463,  563 

duct,  466 
Hernia,  congenital,  442 
encysted,  443 
femoral,  603 

coverings  of,  608 
seat  of  stricture,  608 
funicular,  443 
infantile,  443 
inguinal,  anatomy  of,  438 
covering  of,  440,  441 
changes  in  old,  443 
direct,  441 
oblique,  440 
position  of  cord  in,  443 
seat  of  stncture,  443 
tunica  vaginalis,  443 
lumbar,  444 
of  ovary,  509 
umbilical,  444 
ventral,  444 
Herophili,  torcular,  707 
Hesselbach's  triangle,  441 
Hey's  ligament,  602 
Highmorianum,  corpus,  817 
Hip-joint,  movements  at,  684 
Hippocampus,  major,  741 

minor,  741 
Houston,  valves  of,  592 
Huguier,  canal  of,  800 
Humor,  aqueous,  773,  789 

vitreous,  773,  789 
Hunter's  canal,  622 
Hyaloic'  membrane,  789 
Hydatids  of  Morgagni,  816 
Hydrocele,  816 
Hymen  509 

varieties  of,  509 
Hypoga-stric  plexus,  487 
Hypoglossal  nerve,  732 
Hypophisis,  725 


I. 

Ileo-caecal  valve,  590 

artery,  467 
Ileum,  course  of,  447 
Iliac  artery, 

common,  484 
external,  485 
fascia,  480 
interna],  524 
ligature  of,  485 
veins,  527 
Iliacus,  483 
Ilio  lumbar  artery,  435,  461,  524 

tibial  band,  600 
Impressio  colica,  561 

renalis,  561 
Incisura  cerebelli  anterior,  754 
intertragica,  792 
posterior,  754 
Incus,  799 

Infundibuliform  fascia,  435,  438 
Infundibulum  of  cochlea,  S03 
Inguinal  region,  436 
canal,  436 
glands,  595 
hernia,  438 
nerves,  422 
Intercolumnar  fascia,  425 
Intercostal  arteries,  435 
Internal  ear,  801 

Intestine,  large,  course  of,  447,  589 

relations  of,  450 

structure  of,  589 

small,  course  of,  447,  586 

structure  of,  5S6 

Iris,  780 

arteries  of,  782 
nerves  of,  782 
structure  of,  781 
Ischio-rectal-fascia,  515 
fossa,  496,  508 

boundaries  of,  508 
Iter  a  tertio  ad  quartum  ventriculum, 
748 
ad  infundibulum,  746 

J- 

Jacob's  membrane,  787 
Jejunum,  course  of,  447 
Joints  (See  Articulations). 

K. 

Kerkring,  valves  of,  586 
Kidneys,  572 
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Kidneys,  arteries  of,  478,  580 

capsiile  of,  573 

cortical  structure  of,  574 

lymphatics  of,  580 

medullary  structure  of,  574 

nerves  of,  580 

pyramids  of,  576 

relations  of,  471 

situation  of,  453,  472,  572 

tubuli  urinLferi,  574,  578 

veins  of,  478,  580 
Knee-joint,  arteries  of,  666 

ligaments  of,  688 

movements  of,  693 

nerves  of,  626 


Labia,  majora  508 

minora,  509 
Labium  cerebri,  722,  733 

tympanicum,  805 

vestibulare,  805 
Labyrinth  of  ear,  801 
Lacunae  of  urethra,  540 
Lamina,  anterior,  of  cornea,  777 

posterior,  of  cornea,  777 

cinerea,  724 

cribrosa,  773 

fusca,  774 

reticularis,  807 

spiralis,  804 
ossea,  804 

supra-choroidea,  778 
Laminated  tubercle  of  cerebellum,  756 
Lancisi,  nerves  of,  734 
Large  intestine,  589 
Lateral  ventricles,  735 
Leg,  dissection  of,  back,  661 

front,  628 
Lens,  crystalline,  790 

capsule  of,  791 

structure  of,  791 

suspensory  ligament  of,  791 
Lenticular  nucleus,  740 
Lieberkiihn's  glands,  587 
Ligamenta  alaria,  693 
Ligaments  of :  — 

ankle,  anterior,  695 

lateral  external,  695 
internal,  695 

annular  anterior  of  ankle,  631 
external  of  ankle,  631 
internal  of  ankle,  631,  668 

arcuate,  external,  472 
internal,  472 


Ligaments  of :  — 

a-3tragalo-scaphoid,  697 
bladder,  false,  493,  512 

true,  515 
Burns,  602 

calcanean,  697 
calcaneo-scaphoid,  697 

interosseous,  698 

posterior,  697 
calcaneo-cuboid,  long,  699 

short,  699 

internal,  669 

superior,  699 
central  of  cord,  763 
ciliary  of  eye,  779 
Colles',  425 
coronary  of  knees,  692 

liver,  552 
costo-colic,  457 
cotyloid,  686 
crucial  of  knee,  691 
deltoid  of  ankle,  695 
falciform  of  Burns,  602 

liver,  452,  561 

sacro-sciatic,  682 
femoral  (Hey's),  602 
gastro-phrenic,  457 
Gimbernat's,  425,  603 
Hey's,  602 
hip,  684 

capsular  of,  684 
ilio-femoral,  685 

lumbar,  680 
incus,  799 
intermetatarsal,  701 
interosseous    of   cuneiform  bones, 

701 
interosseous  of  leg,  695 

tarsus,  697 
ischio -capsular,  684 
knee,  688 
liver,  451 

long  calcaneo-cuboid,  699 
lumbo-sacral,  680 
malleus,  799 
metatarsal,  701 
metatarso-phalangeal,  701 
mucosum  of  knee,  692 
oblique  of  sacro-iliac,  682 
ovary,  493,  553 
patella,  620,  689 
plantar,  long,  699 
posterior  of  Winslow,  690 
Poupart's,  425,  603 
pubic,  683 

sub-pubic,  684 
pubofemoral,  685 
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Ligaments  of:  — 

round  of  hip,  685 

liver,  451,  561 

uterus,  437,  494 
sacro-coccygeaJ,  681 
sacro-iliac  anterior,  68i 

posterior,  681 

oblique,  682 
sacro-sciatic,  great,  682 

lesser,  682 
sacro-vertebral,  681 
subpubic,  684 
suspensory,  of  lens,  791 

liver,  452 

spleen,  452 
tarsometatarsal,  700 
tarsus,  697 
teres  of  hip,  685 
tibio-fibular  inferior,  694 

superior,  694 
transverse,  of  hip,  686 

knee,  688 

metatarsal,  700 
triangular  of  abdomen,  425 

perineum,  502 
urethra,  502 
uterus,  493 
Winslovv,  655,  690 
Ligamentum  denticulatum,  763 
mucosum,  692 
patellae,  689 
pectinatum  iridis,  777 
posticum  Winslowii,  690 
spirale,  804 
teres,  445 
Ligula,  750 
Limbic  lobe,  722 
Limbus  spiralis,  805 
Linea  alba,  424,  431 

semilunaris,  426,  431 

splendens,  763 

transverse  of  fourth  ventricle,  733 

rectus,  431 
Lithotomy,  parts  divided  in,  504 
parts  to  be  avoided  in,  504 
Lit t re,  glands  of,  540 
Liver,  situation  of,  451,  556 
arteries  of,  563 
cells  of,  562 
coats  of,  561 
ducts  of,  565 
fissures  of,  559 
functions  of,  565 
ligaments  of,  451,  561 
loljes  of,  561 
lobules  of,  562 
lymphatics  of,  565 


Liver,  nerves  of,  565 

plexus  of,  565 

structure  of,  562 

veins  of,  562 

vessels  of,  561 
Lobule  of  the  ear,  792 

paracentral,  720 
Lobulus  caudatus,  561 

quadratus,  561 

Spigelii,  458 
Locus  cajruleus,  750 

niger,  727 

perforatus  anticus,  725 
posticus,  726 
Lumbar  hernia,  444 

plexus  of  nerves,  488 
Lumbricales  of  foot,  675 
Luschka,  gland  of,  479 
Lymphatics,  intestine,  588 

kidney,  580 

liver,  565 

pancreas,  569 

spleen,  572 

stomach,  586 

testis,  820 

uterus,  548 
Lyra  of  fornix,  740 


M. 


Macula  acustica,  808 

cribrosa,  801 

lutea,  784 
Magendie,  foramen  of,  703,  711,749,  762 
Malleus,  798 

ligaments  of,  799 
Malpighi,  pyramids  of,  574 
Malpighian  bodies  of  kidney,  579 

spleen,  571 
Mammary  gland,  812 

arteries  of,  813 

lymphatics  of,  813 
Mammilla,  812 
Marginal  convolution,  722 
Meatus  auditorius,  externus,  793 

urinarius,  female,  510 
Mediastinum,  testis,  817 
Medulla  oblongata,  708 

anterior  pyramid,  709 

fissures  of,  708 

gray  matter,  712 

lateral  tracts  of,  709 

nuclei  of,  709 

olivary  bodies,  709 
fasciculus,  709 
fibres  of,  709 
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Medulla  posterior  pyramids,  708 

restiform  bodies,  710 

structure,  708 

septum  of,  710 
Medulli-spinal  veins,  760 
Meissner's  plexus  of  nerves,  5S9 
Membrana  basilaris,  804 

fusca,  774 

limitans  of  retina,  785 

pupillaris,  783 

tectoria,  807 
Membrana  tympani,  797 
arteries  of,  797 
fiaccida,  797 
secundaria,  803 
Membrane,  of  aqueous  humor,  789 

arachnoid  of  brain,  702 
spinal  cord,  762 

Bruch,  779 

choroid,  778 

Corti,  806 

Demours,  777 

Descemet,  777 

hyaloid,  789 

interosseus  of  leg,  694 

Jacob's,  787 

Reissner,  805 
Membranes  of  brain,  702 

spinal  cord,  762 
Membranous  labyrinth,  808 

semicircular  canals,  809 
Mesenteric  artery,  inferior,  461,  468 
superior,  461,  467 

veins,  inferior,  468 
superior,  468 
Mesentery,  458 
Meso-colon,  ascending,  459 
descending,  459 
transverse,  453,  459 

sigmoid,  459 

rectum,  459,  517 
Mesorchium,  821 
Metatela,  710 
Metencephalon,  757 
Modiolus  of  cochlea,  803 
Monro,  foramen  of,  739 
Mons  Veneris,  508 
Monticulus  cerebelli,  754 
Morgagni,  liquor,  791 

hydatids  of,  816 
Morsus  diaboli,  552 
Motor  oculi  nerve,  729 
Miiller,  fibres  of,  785 
Muscles  :  — 

abdominal  wall,  422 
functions  of,  431 
nerves  of,  431 


Muscles :  — 

abductor  hallucis,  673 

minimi  digiti  pedis,  674 
accelerator  urinas,  501 
accessorius  flexor,  675 
adductor  brevis  femoris,  615 

hallucis,  679 

longus,  613 

magnus,  616 
antitragicus,  793 
biceps  of  thigh,  656 
ciliary,  780 
coccygeus,  524 
cochlearis,  805 
compressor,  urethrae,  506 

in  the  female,  511 
cremaster,  428 
crureus,  620 
dart  OS,  814 
diaphragm,  472 
ejaculator  urinae,  501 
erector  clitorides,  509 

penis,  501 
external  sphincter  ani,  497 
extensor  brevis  digitorum,  635 
longus  digitorum  pedis,  632 

proprius  hallucis,  634 
flexor  accessorius,  675 

brevis  digitorum,  674 
hallucis,  679 
minimi  digiti  pedis,  679 

longus  digitorum  pedis,  668 

hallucis,  668 

proprius  hallucis,  668 
gastrocnemius,  662 
gemellus  inferior,  648 

superior,  648 
gluteus  maximus,  642 

medius,  643 

minimus,  644 
gracilis,  611 
Guthrie's,  523 
helicis  major,  793 

minor,  793 
iliacus,  483 

interosseous  of  foot,  679 
ischio-cavemosus,  501 
laxator  tympani,  800 
levator,  ani,  523 

female,  544 

prostatae,  524 
lumbricales  pedes,  675 
obliquus  auris,  793 

externus  abdominis,  422 

internus  abdominis,  426 
obturator  externus,  649 

internus,  646 
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Muscles  :  — 

pectineus,  613 
peroneus  brevis,  638 

longus,  636,  6S0 

tertius,  633 
plan  tails,  664 
popliteus,  667 
psoas  magnus,  48 1 

parvus,  483 
pyramidalis,  430 
pyriformis,  646 
quadratus  femoris,  648 

lumborum,  483 
quadriceps  femoris,  619 
rectus  abdominis,  430 

femoris,  619 
sartorius,  609 
semi-membranosus,  659 
semi-tendinosus,  657 
soleus,  664 
externus,  497 
sphincter  ani  internus,  590 

iridis,  782 

vaginae,  511 

vesicae,  533 
stapedius,  800 
subcrureus,  620 
tensor  fasciae  femoris,  617 
tympani,  799 
tibialis  anticus,  632 

posticus,  669,  680 
tragicus  of  ear,  793 
transversalis  abdominis,  429 
transversalis  pedis,  679 
transversus  auriculae,  793 

perinei,  501 
deep,  502 
triceps  femoris,  619 

of  ureters,  534 
vastus  externus,  619 

internus,  620 


N. 


Nabothi  ovula,  550 
Nates  of  brain,  747 
Nerves :  — 

abducens  oculi,  730 

accessory  obturator,  489,  627 

anterior  crural,  489,  626 

cutaneous  of  abdomen,  421 
tibial,  640 

auditory,  730,  810 

calcaneo  plantar,  671 

Cauda  equinat,  764,  767 

chorda-tympani,  800 


Nerves :  — 

cochlear,  8to 

coccygeal,  528 

communicans  peronei,  640,  653 

cornea,  nerves  of,  77S 

cranial,  origin  of,  727 

crural  Isranch  of  genito-crural,  489, 

599 
cutaneous  of  abdomen,  421 

thigh,  489,  640,  655 
external,  599 
internal,  599 
middle,  599 
dorsal,  529 
eighth  cranial,  810 

origin  of,  730 
eleventh  cranial,  731 
external  cutaneous,  of  peroneal,  630 

of  thigh,  599 
facial,  origin  of,  730 
fifth  cranial,  origin  of,  729 

sacral,  528 
first  cranial,  origin  of,  727 

lumbar,  488 
fourth  pair,  origin  of,  729 

sacral,  498,  528 
genital    branch    of     genito-crural, 

489,  599 
genito-crural,  489 

crural  branch  of,  489,  599 
glosso-pharyngeal,  origin  of,  731 
gluteal,  inferior,  529,  645 

superficial,  645 

superior,  529,  645 
great  sciatic,  529,  649,  653,  661 
hypogastric,  488 
hypoglossal,  origin  of,  732 
iliohypogastric,  422,  433,  488 
ilioinguinal,  422,  433,  488 

inguinal  branch  of,  599 
inferior  hemorrhoidal,  507,  531 

pudendal,  498,  650 
intercostal  abdominal,  432 
internal  cutaneous,  of  thigh,  630 

plantar,  677 

popliteal,  653 

branches  of,  654 
iris,  782 
kidney,  580 
Lancisi,  734 

lateral  cutaneous,  of  abdomen,  421 
long  or  inferior  pudendal,  498,  651 

saphenous,  626 
liver,  565 
lumbar,  plexus  of,  488 

sympathetic,  486 
lumbo  sacral,  527 
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Nerves :  — 

maxillary  inferior,  729 

superior,  729 
motor  oculi,  origin  of,  729 
musculo  cutaneous,  of  foot,  640 
ninth  cranial,  origin  of,  731 
obturator,  489,  627 

accessory,  489,  627 

internus,  528 
olfactory,  origin  of,  727 
ophthalmic,  729 
optic,  origin  of,  728 
ovarian,  556 
pancreas,  569 
pars  intermedia,  730 
penis,  507,  543 
perineal,  498,  507,  543 
peroneal,  638,  653 

external  cutaneous,  branch  of, 

639 
plantar,  external,  677 

internal,  677 
pneumogastric,  origin  of,  831 
popliteal,  external,  638,  653 

internal,  653 
portio  dura,  730 
posterior  tibial,  671 
pudendal,  inferior  or  long,  500,  529, 

650 
pudic,  507,  529,  543,  651 
sacral,  527 

fourth,  498,  528 

plexus,  branches  of,  527 
saphenous,  long,  630 

short,  654,  662 
second  cranial,  origin  of,  728 
seventh  cranial,  origin  of,  730 
sixth  cranial,  origin  of,  730 
small  sciatic,  529,  649 
spinal  accessory,  origin  of,  731 
spinal,  765 
spleen,  572 

superior  gluteal,  529,  645 
sympathetic,  abdomen,  486 

in  the  pelvis,  529 
tenth  cranial  nerve,  origin  of,  731 
testis,  820 

third  cranial  nerve,  origin  of,  729 
trigeminal,  origin  of,  729 
trochlear,  of  orbit,  729 
twelfth  cranial,  origin  of,  732 
uterus,  548 
vestibular,  810 
Nipple,  812 

Nodule  of  cerebellum,  755 
Niick,  canal  of,  495 
Nymphae,  509 


O. 

Obex,  750 

Obturator  artery,  526,  627 
abnormal,  526 

externus,  649 

fascia,  515 

internus,  646 

nerve,  489,  627 

accessory,  489,  627 
Obliquus  externus,  422 

internus,  426 
Olfactory  cells,  origin  of,  727 
Omentum,  gastrocolic,  451,  458 
hepatic,  451,  458 
splenic,  452,  460 

great,  456,  459 
cavity  of,  458 

lesser,  458,  460 
Openings  for  aorta  in  diaphragm,  474 

vena  cava  in  diaphragm,  474 

oesophageal  in  diaphragm,  474 
Operculum,  717 
Optic  nerve,  728 

thalami,  743 
Ora  serrata,  784 

structure  of,  787 
Organ  of  Co'ti,  806 

Giraldes,  819 

Rosenmiiller,  556 
Os  orbiculare,  799 
Ossicula  auditis,  798 

ligaments  of,  799 
Ostium  abdominale,  552 

externum  of  uterus,  552 

internum  of  uterus,  552 

internum  of  Fallopian  tube,  552 
Otoliths,  808 
Ovaries,  553 

arteries  of,  461,  478,  556 

position  of,  553 

structure  of,  553 
Oviducts,  494,  552 
Ovula  of  Naboth,  550 
Ovum,  555 

P. 

Pampiniform  plexus,  478,  556,  820 
Pancreas,  567 

duct  of,  568 

functions  of,  569 

lesser,  567 

lymphatics  of,  569 

position  of,  453 

relations  of,  470 

structure  of,  568 
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Pancreas,  vessels  of,  569 
Parepididymis,  819 
Parovarium,  556 
Pars  ciliaris  retinse,  7S4 
Pectiniforme,  septum,  542 
Pedis  dorsal  artery,  636 
Pelvic  fascia,  513,  544 
female  viscera,  544 
male  viscera,  515 
Pelvis,  contents  of  female,  493 
male,  490 
side  view  of  female,  544 
male,  516 
Penis,  540 

bulb  of,  541 

artery  of,  542 
cervix  of,  541 
corona  glandis,  541 
corpus  cavernosum,  541 
artery  of,  507,  542 
bulb  of,  542 
spongiosum,  541,  543 
crus,  541 

dorsal  artery  of,  507,  543 
erector,  501 
glans,  541,  543 
glandulae  Tysonii,  541 
helicine  arteries  of,  543 
lymphatics  of,  544 
nerves  of,  507,  543 
septum  pectiniforme,  542 
vessels  of,  543 
Perforating  arteries  of  thigh,  624 
Perilymph,  808 
Perineum,  female,  508 
male,  495 
boundaries  of,  495 
cutaneous  nerves  of,  498 
raphe  of,  496 
tendinous  centre  of,  499 
triangular  ligament  of,  502 
parts  between,  503 
surgery  of,  502 
Perineal  arteries,  superficial,  500 
fascia,  deep,  498 
I        superficial,  498 
'transverse  muscle,  501 
deep  muscle,  502 
Peritoneum,  454 
course  of,  456 
lesser  cavity  of,  458 
parts  covered  by,  457 
partially  by,  457 
uncovered  by,  458 
reflections  of,  495 
Peroneal  artery,  670 
anterior,  670 


Peroneal  nerve,  638,  653 
Pes,  accessorius,  741 
Petit,  canal  of,  790 

triangle  of,  444 
Peyer's  glands,  588 
Pia  mater  of  brain,  703 

spinal  cord,  763 
Pineal  body,  746 

peduncles  of,  746 
Pinna  of  ear,  792 

ligaments  of,  793 

structure  of,  792 

muscles  of,  793 
Pituitary  body,  725 
Placenta  praevia,  551 
Plantar  artery,  external,  676 
internal,  676 

nerve,  external,  677 
internal,  677 

fascia,  672 
Plantaris,  664 
Plexus  of  nerves,  aortic,  486 

Auerbach's,  589 

ccEliac,  487 

diaphragmatic,  487 

gastric,  487 

haemorrhoidal,  531 

hepatic,  487 

hypogastric,  4S7 

lumbar,  488 

Meissner's,  589 

mesenteric,  5S9 
inferior,  487 
superior,  487 

ovarian,  487 

pampiniform,  478,  556,  820 

patellar,  630 

pelvic,  531 

prostatic,  531 

renal,  487 

sacral,  527 

solar,  487 

spermatic,  487 

splenic,  487 

supra-renal,  487 

sympathetic  of  pelvis,  529 

uterine,  531 

vaginal,  531,  544 

of  veins,  interlobular,  562 

vesical,  531 

vesico-prostatic,  516 
Pons  hepatis,  560 

Varolii,  711,  751 
Popliteal  artery,  655,  665 

nerve,  external,  638 
internal,  653 

space,  652 
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Popliteal  vein,  655,  667 
Popliteus,  667 
Porus  opticus,  773,  784 
Portal  fissure,  559 
Portio  dura,  730 
Pouch  of  Douglas,  457 

recto-vaginal,  457 
vesical,  457,  492 
Poupart's  ligament,  425,  603 
Prepuce,  541 
Processus  cochleariformis,  797 

e  Cerebello  ad  Cerebrum,  748 

e  Cerebello  ad  Testis,  752 
Promontory  of  tympanum,  797 
Prosencephalon,  758 
Prostate,  522,  535 

arteries  of,  537 

lobes  of,  535 

lymphatics  of,  537 

nerves  of,  537 

position  of,  522  ^ 

relations  of,  522 

sinus  of,  535 

structure  of,  536 

veins  of,  537 
Psoas  fascia,  480 

magnus,  481 

parvus,  483 
Pudenda,  50S 

Pudendal,  inferior,  nerve,  498,  651 
Pudic  artery,  internal,  506,  527,  650 

nerve,  507,  529 
Puncta  vasculosa,  733 
Pupil,  781 
Pylorus,  583 
Pyramid,  anterior,  of  tympanum,  796 

posterior,  of  tympanum,  796 

cerebellum,  708 


Q. 

Quadratus  lumborum,  483 


R. 


Receptaculum  chyli,  476 
Recess,  lateral  of  fourth  ventricle,  749 
Recto-vaginal  pouch,  495 
Recto-vesical  fascia,  515 

pouch,  492 
Rectum,  449,  517,  590 

ampulla  of,  517 

arteries  of  518 

course  of,  491 

digital  examination  of,  518 


Rectum,  folds  in,  592 

relations  of,  517 
Rectus  femoris,  619 
Regions  of  abdomen,  416 
Reil,  island  of,  715,  722 
Reissner,  membrane  of,  805 
Restiform  bodies,  711 
Rete  mirabile,  707 

testis,  817 
Retina,  784 

cones  and  rods  of,  787 

structure  of,  784 
Ring,  abdominal  external,  425 
internal,  435 

femoral,  605,  606 
Rivini,  notch  of,  797 
Rolando,  arciform  fibres  of,  709 

fissure  of,  715 

funiculus  of,  710 

tubicle  of,  710 
Rosenmiiller,  organ  of,  556 
Rugas  of  vagina,  546 
Ruyschiana  tunica,  779 


Sac,  of  omentum,  459 
Saccule  of  vestibule,  808 
Sacro-iliac  articulation,  682 
Santorini,  fissures  of,  793 
Saphena,  external  vein,  662 

internal  vein,  598 
Saphenous,  external  nerve,  654 

opening,  601 

posterior  vein,  662 
Scala  media,  804 

tympani,  804 

vestibuli,  804 
Scarpa,  liquor  of,  810 

triangle  of,  610 
Schlemm,  canal  of,  777 
Sciatic  artery,  527,  651,  653 

nerve  great,  529,  649 
small,  529,  650 
Sclerotic  coat  of  eye,  773 

structure  of,  774 
Scrotum,  814 

dart  OS  of,  814 

lymphatics  of,  815 

septum  of,  814 

vessels  of,  815 
Semicircular  canals,  801 
Semilunar  cartilages  of  knee,  691 

fold  of  Douglas,  428 

ganglia,  472,  487 
Semimembranosus,  659 
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Seminal  ve<;icles,  521,  537 
Semitendinosus,  657 
Septum,  lucidum,  738 

pectiniforme,  542 

scroti,  814 

transversum,  809 
Seventh  cranial  nerve,  730 
Sheath,  femoral  vessels,  605 

rectus  muscle,  430 
Sigmoid  flexure  of  colon,  448,  451 
Sinus  circularis  iridus,  777 

pocularis,  535 

prostaticus,  535 
Sixth  cranial  nerve,  730 
Skene,  tubes  of,  546 
Small  intestines,  586 
Soemmering,  nerve  of,  529 
Solar  plexus,  487 
Soleus,  664 
Space,  popliteal,  652 

subdural,  762 
Spaces  of  Fontana,  777 

subarachnoid,  702 
Spermatic  cord,  437,  820 

arteries  of,  437,  820 

lymphatics  of,  437,  820 

nerves  of,  437,  820 

veins  of,  437,  820 
Spigelii  lobulus,  458 
Spinal-accessory  nerve,  731 

cord,  758 

arteries  of,  767 
central  canal  of,  765 
fissures  of,  764 
functions  of,  768 
membranes  of,  762 
structure  of,  764,  769 
veins  of,  759 

nerves,  origin  of,  765 
Spleen,  569 

artery  of,  463,  571 

functions  of,  572 

lymphatics  of,  572 

Malpighian  corpuscles  of,  570 

nerves  of,  572 

omenta  of,  452,  570 

pulp  of,  570 

relations  of,  452 

tunics  of,  570 

veins  of,  464,  571 
Splenium  of  corpus  callosum,  734 
Stapedius,  800 
Stapes,  799 
Stilling,  canal  of,  790 
Stomach,  582 

relations  of,  446,  582 

structure  of,  583 


Strias  acusticae,  750 

laterales,  734 

longitudinales,  734 

medullares,  750 
Subarachnoid  fluid  of  brain,  702 
of  spinal  chord,  762 

spaces  of,  702 
Subdural  space,  702,  762 
Subperitoneal  fat,  436 
Sulci  of  brain,  714 
Sulcus  spiralis,  805 
Supra-renal  capsules,  580 

arteries  of,  581 

nerves,  581 

relations  of,  453 

structure  of,  581 
Sylvius,  aqueduct  of  748 

fissure  of,  715 
Sympathetic  nerves : 

lumbar,  486 

pelvic,  529 
Symphysis  pubis,  683 

sacro-iliac,  682 


T. 

Taenia,  750 

semicircularis,  741 
Tarsus,  synovial  membranes  of,  700 
Tectorial  membrane,  807 
Tegmentum,  726,  752 
Tela  choroidea,  inferior,  704 
Tendo  Achillis,  664 
Tenon,  capsule  of,  772 
Tenth  cranial  nerve,  731 
Testes  cerebri,  747 

muliebres,  553 
Testis,  815 

arteries  of,  815 

coverings  of,  816 

descent  of,  821 

gubernaculum,  821 

lymphatics  of,  820 

mediastinum,  817 

nerves  of,  820 

structure  of,  818 
Thalamencephalon,  757 
Thalami  optici,  743 
Theca  vertebralis,  760,  764 
Third  cranial  nerve,  729 

ventricle,  744 
Tibial  artery  anterior,  635 
posterior,  670 

nerve,  anterior,  640 
posterior,  661 
Tibialis  anticus,  632 
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Tibialis  posticus,  669,  680 
Tomentum  cerebri,  704 
Torcular  Herophili,  707 
Tract,  direct,  751 

pyramidal,  751 
Tragus,  792 
Transversalis  fascia,  433,  438 

abdomiiiis,  429 
Trapezium  of  pons  Varolii,  711 
Triangle,  Hesselbach's,  441 

Petit's,  444 

Scarpa's,  610 
Triangular  ligament  of  abdomen,  425 
perineum,  504 
Triceps  femoris,  619 
Trifacial  nerve,  729 
Trigonum  vesicae,  533 
Trochlearis  nerve,  729 
Tube,  Eustachian,  797 

Fallopian,  494,  552 
Tuber  annulare,  711 

cinereum,  725 

valvule,  755 
Tubercle,  cuneate,  710 

of  Rolando,  710 
Tubercula  quadrigemina,  747 
Tuberculum  acusticum,  750 
Tunica  aJbuginea,  554,817 

dartos,  498 

Ruyschiana,  779 

vaginalis,  816 

vasculosa,  818 
Tvs^elfth  cranial  nerve,  732 
Tympani  laxator,  800 

membrana,  795,  797 

tensor,  800 
Tympanum,  795 

arteries  of,  797 
Tyson's  glands,  541 


U. 


Umbilical  hernia,  444 
Umbilicus,  431 
Urachus,  445,  519 
Ureter,  520 

course  of,  520 
muscles  of,  534 
orifices  of,  534 
relation  of,  471 
Urethra,  female,  510 
male,  523,  537 

bulbous  portion  of,  539 
fossa  navicularis  of,  539 
lacunae  of,  540 
male,  membranous  part  of,  523,  538 


Urethra,  prostatic  portion,  535,  539 
spongy  part  of,  539 
structure  of,  540 
Uterus,  547 

arbor  vitae  of,  550 

arteries  of,  548 

broad  ligament  of,  493 

cervix  of,  547 

glands  of,  552 

lymphatics  of,  548 

masculinus,  535 

nerves  of,  548 

OS  of,  547 

position  of,  493 

round  ligament  of,  437,  494 

structure  of,  548 

veins  of,  548 
Utricle  of  vestibule,  808 
Utriculus,  535. 
Uvea,  781 
Uvula  of  bladder,  534 

cerebellum,  755 


V. 

Vagina,  511,  54S 

arteries  of,  548 

bulb  of,  512 

structure  of,  546 

venous  plexus  of,  544 
Vagus  nerve,  731 
Vallecula  Sylvii,  715 
Valve,  ilio-caecal,  448,  590 

Kerkring,  5S6 

Vieussens,  748 
Valvulae  conniventes,  586 
Varolii  pons,  711,  751 
Vas  aberrans,  819 

deferens,  437,  521,  819 

spirale.  810 
Vastus  extemus,  619 

internus,  620 
Veins :  — 

basi-vertebral,  759 

capsular,  478,  563 

cava,  inferior,  479 

circumflex  iliac,  429 

coronary  of  stomach,  464 

dorsal  of  penis,  507 

dorsi-spinal,  759 

epigastric,  428 

femoral  611 

of  Galen,  743 

gastric,  586 

haemorrhoidal,  468 

hepatic,  464,  562 
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Veins  :  — 

iliac,  common,  484 
external,  4S6 
internal,  527 
inferior  cava,  479 
interlobular,  562 
intralobular,  562 
kidney,  of,  479,  580 
lumbar,  479 
medulli-spinal,  760 
meningo-rachidian,  760 
mesenteric  inferior,  468 

superior,  468 
ovarian,  556 
phrenic,  476 
popliteal,  655,  667 
portal,  465,  562 
profunda  femoris,  624 
pudic,  external,  597 

internal,  527 
rectum,  518 
renal,  478,  580 
sacra  media,  479 
saphenous  external,  656 

internal,  598 

posterior,  656,  662 
spermatic,  478,  820 
spinal  longitudinal  anterior,  759 
posterior,  759 
external,  759 
splenic,  464,  571 
sublobular,  562 

renal,  478,  581 
tibial  posterior,  671 
tympanum  of,  801 
uterine,  548 
vaginal,  544,  262 

of  liver,  562 
Velum  interpositum,  704,  742 


Velum  medullary  anterior,  748 
inferior,  755 
posterior,  710,  748 
superior,  756 
Vena  portae,  465 
Venas  vorticosae,  779 
Ventral  hernia,  444 
Ventricle  of  brain,  fifth,  738 
fourth,  749 
lateral,  735 
third,  744 
appendix,  448 
Vermiform  process,  inferior,  754 

superior,  754 
Vertebral  artery,  705 
Verumontanum,  535 
Vesicles  of  brain,  757 
Vesico-prostatic  plexus,  516 
structure  of,  536 
vessels  of,  537 
Vesiculse  seminales,  521,  537 
Vestibule  of  ear,  801 

vagina,  509 
Vieussens,  valve  of,  748,  756 
Vim,  587 
Volecula,  755 


W. 

Willis,  circle  of,  704,  706 
Winslow,  foramen,  of,  458 

posterior  ligament  of,  690 
Wirsung,  canal  of,  470,  568 


Zinn,  zone  of,  789 
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